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AORTIC VALVULOTOMY 


Experimental Methods and Early Results 


HORACE G. SMITHY, M.D., F.A.C.S., H. RAWLING PRATT-THOMAS, M.D., and 
HENRY P. DEYERLE, M.D., Charleston, South Carolina 


N a preliminary report (7), a technique 
was described for division of the aortic 
valve in dogs with a view toward develop- 
ing a method which might be applicable 

to the surgical treatment of aortic stenosis in 
human subjects. The present report concerns 
the early results obtained by the technique 
described, a presentation of a second method 
of valvulotomy, and a comparison of the 
results obtained by the two procedures. 

The first method consisted, in brief, of pass- 
ing a specially devised valvulotome (7) 
through the wall of the ascending aorta, man- 
ipulating it proximally within the aorta until 
the instrument became engaged within one 
of the cusps of the aortic valve (Fig. 1). By 
manipulation of the sliding barbed blade of the 
instrument, the valvular leaflet was divided, 
perforated, lacerated, or partially avulsed 
(Fig. 2a to g). Control of hemorrhage from 
the aorta after the withdrawal of the valvulo- 
tome was accomplished by tamponade of the 
aortic opening with an absorbable gelatin 
sponge or with oxidized cellulose, secured in 
place by stay sutures in the periaortic fat. 
The results obtained by this method are con- 
sidered below. 

The second method of aortic valvulotomy, 
which has proved safer, simpler and more ef- 
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fective than the first, consisted of division of 
one or more valvular leaflets by approaching 
the valve through the wall of the left ventricle, 
using the same valvulotome described in the 
transaortic technique (7). The procedure was 
carried out in large adult mongrel dogs as fol- 
lows: The thoracic cavity was opened through 
an incision in the left seventh intercostal space, 
intravenous sodium pentobarbital anesthesia 
being used. Intrapulmonic positive pressure 
was obtained during the operation by an arti- 
ficial respirator which delivered an interrupted 
flow of atmospheric air through an endotracheal 
catheter. Full exposure was obtained by self- 
retaining rib-spreading retractors. The peri- 
cardium was opened widely from its aortic re- 
flection to the cardiac apex. A traction suture 
of silk was placed in the left ventricular wall 
so as to deliver the inferior portion of the 
heart into the wound. In this manner, the 
cardiac apex was exposed clearly and a purse- 
string suture of catgut was placed in an avas- 
cular area of the wall of the left ventricle at 
or near the apex. A small incision was made 
through that portion of ventricular wall in- 
cluded in the purse-string suture. The sheath 
of the valvulotome was manipulated through 
the incision into the cavity of the left ventricle 
with the hooked blade drawn up within the 
protecting sheath so as to avoid damage to the 
intraventricular structures. At this point, the 
purse-string was drawn taut about the valvulo- 
tome by an assistant and was held snugly 


513 








514 


about the instrument during manipulation. 
By this means, the procedure was carried out 
without bleeding. The instrument was ad- 
vanced in the ventricle toward the aortic valve 
with one hand, while the index finger of the 
opposite hand was manipulated beneath the 
ascending aorta at its most proximal portion 
so as to lie flush with the aortic ring. Using 
the latter finger as a guide, it was found that 
the distal end of the valvulotome could be 
interposed almost exactly between the three 
aortic valvular leaflets. When its position was 
determined with relative certainty, the barbed 
blade was projected forward so as to lie astride 
the free margin of a valvular leaflet and the 
instrument then was withdrawn proximally 
into the ventricular chamber thus dividing the 
aortic cusp (Fig. 3). After division of the cusp, 
which was denoted in most instances by the 
immediate appearance of a thrill detected by 
the palpating finger at the aortic ring, the val- 
vulotome was withdrawn from the ventricle 
with the blade pulled back into the sheath. 
Upon removal of the instrument, the ends of 
the purse-string suture were tied by the assist- 
ant, thus closing securely the ventricular inci- 
sion without hemorrhage. The thorax was 
closed after inflation of the lung. 


RESULTS OF THE TRANSAORTIC METHOD 

The observations recorded herein pertain 
to a total of 37 animals subjected to operation 
by a transaortic approach. The data concern 
operative mortality and gross and microscopic 
findings as regards the valvular lesions and the 
aortic wounds through which the valvulotome 
was passed. Animals were sacrificed at inter- 
vals varying from 24 hours to 18 days after 
operation. 

Mortality. Of 22 animals previously reported 
(7), attempts at closure of the aortic wound 
after withdrawal of the valvulotome were 
made in 7 animals by direct suture of the de- 
fect. The results were unsatisfactory inas- 
much as severe hemorrhage occurred, account- 
ing for the operative death of 5 of the 7 animals 
so treated. In the remaining 15, the aortic 
wound was closed by tamponade with a gelatin 
sponge held in place by stay sutures in the 
periaortic fat with only 3 operative deaths. 
The mortality for the group was 36 per cent. 
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TABLE I.—-ANALYSIS OF OPERATIVE DEATHS, 
TRANSAORTIC METHOD ‘ 








sami] ee | Mery 
Aortic suture technique 7 ; 5 7 
Gelatin sponge technique 25 5 ; 20 
Oxidized cellulose technique 2* o* o* 
Periaortic fat suture alone 3 ° ° 
y ‘Totals ee ea 37 5 10 27 








*Operative survival; death from secondary postoperative hemorrhage 
(see text). 


The same technique was applied to a second 
group of 15 animals; there were 2 operative 
deaths due to uncontrollable hemorrhage from 
the aorta, a mortality of 13 per cent. In the 
surviving animals, a gelatin sponge was used 
at operation in 8, oxidized cellulose in 2, while 
in 3 a purse-string suture in the periaortic fat 
was tied snugly over the aortic opening with- 
out the use of an underlying hemostatic agent 
to tamponade the aortic wound. 

Recapitulation of these figures reveals that 
the total operative mortality in 37 animals 
subjected to transaortic valvulotomy was 27 
per cent (Table I). This excessive figure is 
due, obviously, to the loss of 5 animals sub- 
jected to direct closure of the aortic wound. 
Of the remaining animals, treated by methods 
other than aortic suture, there were 5 opera- 
tive deaths in 30 subjects, a mortality of 17 
per cent. 

In addition to the operative deaths, 2 ani- 
mals died of secondary hemorrhage from the 
aortic wound on the third postoperative day. 
In each instance, oxidized cellulose was the 
hemostatic agent used to tamponade the aortic 
opening. It is significant that secondary hem- 
orrhage did not occur in any instance in which 
a gelatin sponge or periaortic fat sutures alone 
were used. 

Gross findings. At the time the animals 
were sacrificed, gross examination concerned 
the appearance of the aortic wound and the 
type of valvular lesion produced. Wide varia- 
tion in the size and persistence of the aortic 
opening was noted. In the 27 animals surviv- 
ing the operation, the aortic opening was 
found to be either healed completely or of 
very small size in 7, persistent and of large ex- 
tent (greater than the original size) in 12, of 
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TABLE II.—VALVULAR LESIONS PRODUCED BY 
TRANSAORTIC METHOD IN SURVIVING ANIMALS 
Type of lesion (Fig. 1) ype a — 
Perforation = ss + = 
Laceration = | | 6 ; wee 
Avulsion 4 as 
Division ae ; ~< 6 22 
Absence of lesion _ 3 II 
- Totals com mee es 27 100 


approximately the original dimensions in 8. 
The time elapsing between operation and 
autopsy seemed to have little effect, complete 
closure of the wound being found in some after 
72 hours on the one hand, persistence of a large 
defect after 16 days on the other. Of striking 
significance is the fact that there was no in- 
stance of extensive extravasation of blood into 
the periaortic tissues and no evidence of aneu- 
rysm in those animals treated by the gelatin 
sponge technique or by periaortic fat suture 
alone, this being the case despite persistence 
of the opening on the intimal surface. In the 
2 cases in which absorbable cellulose was used, 
massive secondary hemorrhage occurred, re- 
sulting in death of the animals, through a 
“blowout” in the periaortic fat on the third 
postoperative day. In each, there was found 
at autopsy a widely patent communication 
between the aorta and the pleural cavity. 

Although persistence of the aortic opening 
on the intimal surface was present in 20 ani- 
mals sacrificed from 3 to 18 days after opera- 
tion, thrombus formation was noted in only 
1 case. This animal was sacrificed on the fifth 
postoperative day. A large rent in the intimal 
surface of the aorta was present but was effec- 
tively sealed off from the periaortic structures 
by the overlying gelatin sponge and its anchor- 
ing periaortic fat. Protruding from the intimal 
defect was an elongated thrombus, the un- 
attached end of which was hanging free in the 
aortic lumen; the clot measured 2.5 centime- 
ters in length and o.5 centimeter in width. 
Evidence of embolic phenomena was not 
found. A second animal, sacrificed on the 
seventh postoperative day, was found to have 
an unusually large rent in the intimal surface 
of the aorta through which a segment of the 
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Fig. 1. Transaortic method of valvulotomy. 


overlying gelatin sponge protruded into the 
aortic lumen. Despite the presence of a foreign 
body anchored within the vascular stream, a 
thrombus was not found at autopsy, and no 
evidence of embolic phenomena was detected. 

The valvular lesions produced by the trans- 
aortic approach are denoted in Figure 2, show- 
ing a considerable variation in the type of de- 
fect occurring in the affected leaflets. Similar- 
ly, the resulting auscultatory murmurs as- 
sumed either a systolic or diastolic character 
according to the extent of valvular division. 
Of the 27 animals surviving operation, the 
aortic valve showed no evidence of a lesion 
in 3 which was due probably to failure of the 
valvulotome to become engaged in a cusp, 
passing instead into the chamber of the ven- 
tricle during systole. This represents an oper- 
ative failure of 11 per cent (Table II). In the 
remaining 24 animals, the lesions consisted of 
valvular perforation, laceration, partial avul- 
sion or division (Table II). A perforative de- 
fect was noted in 30 per cent (Fig. 2, a and b), 
some variety of laceration in 22 per cent (Fig. 
2, c and d), partial avulsion in 15 per cent 
(Fig. 2, e), while extensive division of a leaflet 
was accomplished in 6 animals or 22 per cent 
(Figure 2,f and g). Postoperatively, ausculta- 
tory murmurs were demonstrable in each in- 
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Fig. 2. Various types of lesions produced by trans- 


aortic valvulotomy: a, and b, perforation, occurred in 30 
per cent; c and d, laceration, occurred in 22 per cent; e, 
partial avulsion, occurred in 15 per cent; f and g, extensive 








stance in which a lesion was produced. A 
soft blowing diastolic murmur, typical of 
aortic regurgitation, occurred in those animals 
in which division or partial avulsion of a cusp 
had been accomplished. In the group showing 
perforation or short laceration of the leaflets, 
a harsh systolic murmur was demonstrable. 

Microscopic findings—aorta. The size of the 
healing aortic wounds through which the val- 
vulotome was passed varied considerably. 


division, occurred in 22 per cent. 


The manner of healing was essentially the 
same in all defects which closed successfully 
and consisted of fibrous tissue proliferation 
between the divided edges of the aortic wound. 
The proliferating fibroblastic elements were 
derived almost exclusively from the adventi- 
tial coat and there was little participation by 
elements of the media and none by the intima 
except for the lining endothelium. There was 
no attempt at regeneration by the musculo- 
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Fig. 3. Transventricular method of valvulotomy, a, and Jesion of extensive valvular divi- 


sion, b, produced in majority of animals. 


elastic elements of the media, but some of the 
intervening fibrous tissue contributed to clo- 
sure of the defect. In relatively few instances, 
the divided edges of the aortic wound re- 
mained in close approximation and the narrow 
defect was completely filled with actively 
growing fibroblasts (Fig. 4). In the majority 
of instances, there was outpouching of the 
aortic wall at the site of the operative wound. 
The aneurysmal pouch involved the adventitia 
and periaortic fibroadipose tissue. Figures 5 
and 6 illustrate extension of the endothelialized 
defect into the adventitial coat with failure of 
elastic tissue regeneration from the lateral 
margins. Complete endothelialization of the 
aneurysmal sac, as noted in the latter illustra- 
tions, occurred as early as 14 days. Figure 7 
depicts in detail the endothelial regeneration 
within the aneurysmal sac. Outpouching into 
the substance of the wall of the aorta occurred 
in some cases regardless of tamponade of the 
aortic opening with a gelatin sponge or closure 
of the defect by suture of the overlying fat 
without a sponge. 

Microscopic findings—aortic valves. Division 
of a valve leaflet produced, in the initial phase, 
edema, interstitial hemorrhage, loss of endo- 
thelium along the divided margins and vari- 
able degrees of actual necrosis in the area of 
division. 

There was, in general, during the first 3 to 
5 days, no leucocytic reaction. Fibrin de- 
posits on the severed margins of the cusps 


occurred within 3 days after division and per- 
sisted for as long as 14 days. The fibrin was 
invaded early by fibroblasts (Figs. 8 and 9g) 
and was completely replaced by collagenous 
fibrous tissue as early as 14 days in some ani- 
mals. Endothelialization occurred concomi- 
tantly with the fibrous organization. The 
edges of the incised leaflets did not show ap- 
preciable distortion, but assumed a blunt, 
rounded, or club-like shape. None of the heal- 
ing valves showed any evidence of infection. 


RESULTS OF THE TRANSVENTRICULAR METHOD 


Fifteen animals were subjected to aortic 
valvulotomy by a trans-ventricular approach. 
The results reported herein pertain to the 
operative mortality of the procedure and to 
both gross and microscopic changes occurring 
in the heart and the affected valves. Animals 
were sacrificed at intervals varying from 3 to 
26 days after operation. 

Mortality. There was 1 operative death 
in 15 animals undergoing transventricular val- 
vulotomy, a mortality of 7 per cent (Table 
III). Death was due to acute dilatation of the 
left side of the heart occurring immediately 
after complete division of an aortic leaflet. 
A second animal died of empyema and acute 
purulent pericarditis on the seventh postopera- 
tive day; all other subjects recovered without 
infection and remained well until sacrificed. 

Gross findings. Certain changes occurring 
during operation were significant, particularly 








Fig. 4. Aortic wound at 10 days showing complete fill- 
ing with vascularized fibrous tissue. (Hematoxylin and 
eosin stain, X 80). 


the varying degrees of cardiac dilatation, de- 
tectable grossly, which were noted immediate- 
ly after division of an aortic leaflet. Since the 
valvular lesions produced by the transven- 
tricular approach were more extensive than 
those resulting from transoartic valvulotomy, 
a greater degree of aortic regurgitation was 
effected. The sudden increase in the volume 
of blood within the left ventricle produced 
marked dilatation of the left side of the heart 
in some animals. As noted above, acute di- 
latation was of such degree as to cause death 
in 1 animal, while in 2 others it resulted in 
complete cessation of both left ventricular and 
left auricular contractions for approximately 
40 seconds, the heart gradually regaining its 
tone and resuming a normal rhythm as it ad- 
justed itself to the increased ventricular out- 
put. In the remaining animals, grossly dem- 
onstrable dilatation occurred in 8 without 
cessation of ventricular activity, while in 3, 
dilatation was slight or absent as determined 
by gross inspection. 

Electrocardiographic tracings were made 
before operation, immediately before and 
after valvulotomy, after closure of the thorax, 


TABLE III.—MORTALITY, TRANSVENTRICULAR 


METHOD 
NOR CNN sc cmv cdonteneresecexaneeeres OE 
NE So gd lA one a uimathra ther caas 14 
I os aveite Satae ab ath onde ieee I 











SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 5. Aneurysmal defect of aortic wall 7 days after 
closure with gelatin sponge. Note nearly complete endo- 
thelialization. (Hematoxylin and eosin, X 22). 


and shortly before the subjects were sacrificed. 
All tracings were taken while the animals 
were under sodium pentobarbital anesthesia. 
Lead II only was used throughout the experi- 
ments. In approximately two-thirds of the 
animals, rather marked disturbances of rhythm 
were noted during manipulation of the heart 
incident to placing the purse-string suture in 
the apex and during insertion of the valvulo- 
tome. The other one-third of the group showed 
surprisingly little interference with cardiac 
rhythm. In some subjects, an inverted T 
wave was noted prior to operation, but a con- 
stant finding in all animals was inversion of 
the T wave after closure of the wound, due 
presumably to myocardial damage inflicted 
by entering the ventricle and by tying the 
purse string suture. Tracings made after the 
fourteenth postoperative day showed return 
of the T wave to a normal curve. Figure to 
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Fig. 6. Aneurysmal defect of aortic wall 14 days after 
closure of periaortic fat without gelatin sponge showing 
complete endothelization without elastic tissue repair. Note 
advanced fibrous organization of adventitial base of defect. 
(Van Giesen — elastic tissue stain. X 20). 


c and d, shows the typical postoperative T 
wave changes, both elevation of the S-T seg- 
ment and inversion of T being present, but 
there is no disturbance of rhythm. Figures 
11 and 12, on the other hand, illustrate marked 
irregularity of rhythm. In the former are 
noted short runs of ventricular ectopic beats 
immediately after valvulotomy had been ac- 
complished (Figure 11, c) with return to a 
normal rhythm after closure of the thorax 
(Figure 11, d). In Figure 12, c illustrates a 
disorganized rhythm with probable ventricu- 
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Fig. 8. Edge of valvular defect at 3 days showing edema 
and fibrin deposit with early fibroblastic invasion. (Hema- 
toxylin and eosin. X 65.) 
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Fig. 7. High-power view at 14 days after closure of 
endothelial ceJl layer overlying fibrous base of aneury- 
sma] sac which is shown in Figure 6. (Hematoxylin and 
eosin. X 520). 


lar fibrillation, which occurred during manipu- 
lation of the heart preparatory to placing the 
apical purse-string suture, while Figure 12, d 
shows ventricular tachycardia which accom- 
panied tying of the suture immediately after 
valvulotomy had been effected. Figure 12, e 
and Figure 12, f are tracings made shortly be- 
fore and after closure of the thorax respective- 
ly, illustrating the prompt return of normal 
rhythm after manipulation of the heart had 
been discontinued. Disappearance of arrhy- 
thmias after cardiac manipulation had been 





Fig. 9. Edge of valvular defect at 7 days showing more 
advanced fibroblastic organization of fibrin and beginning 
endothelialization. (Hematoxylin and eosin stain, X 65). 
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Fig. 10. Electrocardiographic tracings, Lead II. a, Preoperative con- 
trol; b, open thorax contro] without manipulation of heart; c, immedi- 
ately after valvulotomy, showing regular rhythm; d, after closure of thorax, 
showing typical postoperative changes (elevation of S-T segment and in- 


version of T with regular rhythm). 


concluded was noted uniformly in each in- 
stance. 

The valvular defects produced by the ven- 
tricular approach were similar in type, either 
complete or partial division of a leaflet being 
accomplished in each of the 14 surviving ani- 
mals (Table IV). Figure 3, a, denotes the 
lesion of complete division, which occurred in 
64 per cent of the animals; the remaining 36 
per cent showed incomplete division of a leaf- 
let but in each instance of sufficient degree to 
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Fig. 11. Electrocardiographic tracings, Lead IT. a, Pre- 
operative control (note inversion of T); b, open thorax 


control; c, immediately after valvulotomy showing runs of 





produce definite aortic regurgitation. The re- 
sulting auscultatory murmurs were diastolic 
in character, in most instances typical of that 
heard in clinical aortic regurgitation. Grossly, 
the borders of the divided leaflets were smooth 
and showed no tendency toward healing. The 
formation of vegetative thrombi on the de- 
fects did not occur in any instance. 

At the point through which the valvulotome 
was passed into the ventricular chamber, 
there was found to be considerable induration 


ventricular ectopic beats; d, after closure of thorax showing 
depression of S-T segment and inverted T with resumption 
of normal] rhythm. 
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Fig. 12. Electrocardiographic tracings, Lead II. a, Pre- 
operative control (note inversion of T); b, open thorax con- 
trol without manipulation of heart; c, during manipulation 
of heart showing disorganization of rhythm with probable 
ventricular fibrillation; d, during manipulation of heart 


of the myocardium about the purse-string su- 
ture of catgut as late as 20 days after opera- 
tion. However, the endocardium appeared 
smooth, and thrombus formation was found 
in only one instance. The latter occurred in 
an animal dying on the seventh postoperative 
day of acute empyema and suppurative peri- 
carditis and consisted of a small fibrinous 
plaque attached firmly to the endocardial sur- 
face of the ventricular wound. 

Microscopic findings—myocardium of left 
ventricle. The myocardium through which the 
valvulotome was passed showed varying evi- 
dence of necrosis, inflammatory reaction and 
healing. The changes were essentially those 
of a healing infarct. In some animals, tissue 
reaction was minimal after 25 days and con- 
sisted of fibrous scarring with little destruction 
of the myocardium. In others, however, iso- 


showing ventricular tachycardia; e, immediately after val- 
vulotomy showing elevation of S-T segment with resump- 
tion of regular rhythm; f, after closure of thorax showing 
usual T wave changes. 


lated areas of myocardial necrosis were noted 
as late as 25 days, with retardation of the nor- 
mal healing process. In these instances, the 
islands of necrotic muscle were demarcated by 
peripheral fibrosis which was believed to pro- 
duce local ischemia. There were no instances 
of endocardial thrombus formation, with the 
exception of one animal having empyema and 


TABLE IV.—VALVULAR LESIONS PRODUCED IN 
SURVIVING ANIMALS, TRANSVENTRICULAR 





APPROACH 
Type of lesion | a Incidence 
per cent 
Complete Givision 5 ; ay m_ 64 inns 
Incomplete division | 5 36 
Absenceoflesion == | 0 ° 
Totals ae ee ; a 14 100 














Fig. 13. Margin of divided leaflet at 14 days showing 
complete endothelialization. (Hematoxylin and eosin. X65.) 


pericarditis noted above, and no evidence of 
cardiac aneurysm at the site of the ventricular 
wound. 

Microscopic findings—aortic valves. The 
histologic changes in the aortic leaflets were 
the same as those which occurred when the 
transaortic approach was used. Endothelial- 
ization of the margins of the divided cusps 
was found to be complete as early as 14 days 
(Fig. 13). 

The lack of marked deformity, absence of 
vegetations, and the fibrous repair and endo- 
thelialization of divided cusps are shown in 
Figure 13. 


COMMENT 


The need for a safe technical approach to 
the surgical treatment of chronic valvular dis- 
ease of the heart has been recognized for 
many years. Recent developments in cardiac 
surgery, notably the splendid contributions 
of Blalock in pulmonic stenosis, have created 
a stimulus for reinvestigation of the problem. 
The idea is not new. The surgical treatment 
of mitral stenosis was suggested by Brunton 
in 1902. Following animal experimentation, 
it was attempted clinically by Cutler and his 
associates (4) in 1924. In 1929, Cutler and 
Beck (3) summarized their personal experi- 
ences in the surgical treatment of 8 cases of 
mitral stenosis and added 4 collected cases of 
chronic valvular disease subjected to opera- 
tion. The mortality for the entire group was 
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83 per cent. Since these patients were treated, . 
much progress has been made in thoracic sur- 
gery, and particularly in the administration 
of positive pressure inhalation anesthesia. 
These advances, combined with recent devel- 
opments in chemotherapy and a sounder 
present-day concept of the prevention and 
treatment of shock, minimize many of the 
former hazards and should permit reapplica- 
tion of Cutler’s methods with significant re- 
duction in mortality. 

In comparing the two experimental tech- 
niques reported herein, with a view toward 
their application to human subjects, certain 
considerations are immediately obvious. First 
it seems clear that transaortic valvulotomy is 
an impractical method. The possibility of its 
clinical application is rendered unlikely be- 
cause of the high mortality incident to tech- 
nical difficulties in controlling hemorrhage, 
the uncertainty of producing an adequate val- 
vular lesion (Table II) and microscopic evi- 
dence of the probability of later aneurysm for- 
mation. On the other hand, transventricular 
valvulotomy was performed with technical 
simplicity, with an operative mortality of only 
7 per cent and with the production of uniform- 
ly satisfactory valvular lesions. On the basis 
of these factors alone, the superiority of the 
ventricular approach is self-evident. Further- 
more, the latter method is applicable theoreti- 
cally to clinical mitral stenosis as well as to 
aortic stenosis. 

A second consideration in the possible appli- 
cation of transventricular valvulotomy to 
clinical aortic and mitral stenosis concerns the 
type of operative correction contemplated. 
It would seem that simple incision of a heavily 
scarred (and often calcified) aortic or mitral 
valve would afford an inadequate means of 
increasing the size of the narrowed orifice. It 
is likely, also, that an incised wound in the 
fibrous valvular ring would heal eventually. 
With these considerations in mind, actual 
removal of a segment of the thickened valvu- 
lar ring (partial valvulectomy) would appear 
preferable to simple incision or division of the 
stenotic valvular orifice (valvulotomy). The 
valvulotome used in the experiments herein 
described would be, therefore, unsuitable in 
human subjects. The development of a suit- 
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able instrument, designed to remove a seg- 
ment of a fibrotic or calcified ring between 
strong biting surfaces, is now in progress. 
Such an instrument should be of the smallest 
diameter compatible with an effective biting 
mechanism in order that the extent of damage 
sustained by the ventricular wall may be mini- 
mized as much as possible. 

A third factor of importance is the distur- 
bance in cardiac rhythm which was demon- 
strable in some animals (Figs. 11, c and 12, c, 
d) during manipulation of the valvulotome. 
Clinically, it is obviously inadvisable to induce 
ventricular fibrillation and tachycardia during 
operation in a patient having myocardial dam- 
age. The preoperative systemic administration 
of quinidine sulfate or the topical application 
during operation of procaine, as reported by 
Mautz, should minimize or possibly eliminate 
some of the more serious arrhythmias. 

The final consideration of significance con- 
cerns the advisability of converting a stenosis 
into a regurgitation. Regarding the mitral 
valve, it is generally agreed that stenosis is a 
much more serious lesion than regurgitation, 
causing marked restriction of the patient’s 
activities and affording a poor prognosis. This 
may not be the case, however, in lesions of the 
aortic valve. There is a group of patients, not- 
withstanding, in the young adult range of 
years having aortic stenosis of sufficiently ad- 
vanced degree to interfere substantially with 
their activities. The difficulties of these indi- 
viduals are largely mechanical in origin and 
consist of inadequate left ventricular output 
which produces chronic hypoxia becoming 
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acute during exertion, persistently low systolic 
blood pressure, and decreased coronary blood 
flow, all of which are the result of a small, con- 
tracted aortic valvular orifice. Improvement 
in each of these factors could be logically an- 
ticipated by increasing the size of the valvular 
orifice to permit a greater ventricular output. 
In our present state of experimentation, how- 
ever, one can only speculate upon the relative 
effects, either beneficial or harmful, of aortic 
regurgitation and aortic stenosis, inasmuch as 
a satisfactory method of producing experimen- 
tal aortic stenosis is lacking. The work of 
Shaw and his associates is a valuable contri- 
bution in the study of experimental valvular 
lesions other than those of the aortic valve. 


SUMMARY 


The technique of aortic valvulotomy in 
dogs by a transaortic and transventricular 
approach is described and a comparison of the 
results of the two procedures is presented. 
Certain considerations in the possible applica- 
tion of the experimental methods to clinical 
valvular disease of the heart are discussed. 
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STUDIES ON VAGOTOMY IN THE TREATMENT 


OF PEPTIC ULCER 


II. Clinical Evaluation 


KARL A. MEYER, M.D., F.A.C.S., PETER A. ROSI, M.D., F.A.C.S., and 
I. F. STEIN, JR., M.S., M.D., Chicago, Illinois 


HE history of vagotomy and its early 

use in man as a treatment for peptic 

ulcer has been reviewed previously 

(32, 34). Clinical experience with 
partial vagotomy and experimental evidence 
show that incomplete vagotomy is of little if 
any value in the treatment of peptic ulcer. Most 
of the early workers in this field used surgical 
procedures which resulted in only partial vagus 
section. Dragstedt, who has suggested com- 
plete vagotomy as a treatment for peptic ulcer, 
has reported favorable results (7-11, 38) and 
has created a widespread interest and contro- 
versy in the subject. 

In June of 1946, a study of vagotomy in the 
treatment of peptic ulcer was started at the 
Cook County Hospital on the surgical service 
of the senior author. During the following 
year, vagus section was performed on 35 pa- 
tients with peptic ulcer. 


SELECTION OF CASES 


Patients demonstrating very severe ulcer 
diathesis were selected for this study. In all 35 
cases previous medical or surgical management 
had failed to give relief from pain. The indica- 
tions for surgery were based on prolonged 
periods of ulcer symptoms with one or more 
complications (Table I). 

The duration of symptoms ranged from 1 to 
36 years with an average of 11 years. There 
were 16 instances of previous perforation; 19 
patients had had previous bleeding, 10 of 
whom had had massive hemorrhage; and 6 
patients had pyloric obstruction which, in 3 
patients, was complete. Repeated attacks of 
severe epigastric pain were present in 31 of the 
35 patients and in 12, the pain was intractable. 


From the Hektoen Institute for Medical Research of the Cook 
County Hospital and from the Departments of Surgery of the 
Cook County Hospital and Northwestern University Medical 
School, Chicago. 

Dr. Stein is Abbott Fellow in Surgery, Northwestern Univer- 
sity Medical School. 
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Duodenal ulcer was present in 26 patients, 
marginal ulcer in 3 patients following gastro- 
enterostomy, marginal ulcer in 4 patients fol- 
lowing gastric resection, and 1 patient had a 
gastrojejunal colic fistula following gastric re- 
section (Table II). One patient had a prepy- 
loric ulcer shown to be benign by biopsy at the 
time of closure of a perforation 2 months be- 
fore vagus section. This was the only gastric 
ulcer in the series. 


SURGICAL APPROACH 


The transthoracic approach, as described by 
Dragstedt (10), was employed in the first 9 
cases. A 2 to 3 centimeter portion of the nerves 
was resected at approximately 6 centimeters 
above the diaphragm. No attempt was made, 
however, to remove the distal branches of the 
vagi extending to or below the diaphragm as 
described by Dragstedt and Moore (25). 

The transabdominal approach, as described 
by Dragstedt (7), has been employed in the 
remaining 26 cases and is preferred since: 

1. Exploration of the gastrointestinal tract 
allows examination of the viscera for confirma- 
tion of diagnosis and for other intra-abdominal 
pathology. 

2. The site of the ulcer may be examined, 
and if marked scarring is present, a simultane- 
ous gastroenterostomy is performed to prevent 
gastric retention. 

3. Patients have a quicker convalescence 
and less postoperative discomfort. 

4. The percentage of patients having incom- 
plete vagotomy will not differ greatly whether 
the transthoracic or transabdominal method is 
used, provided that a careful search is made for 
all vagus fibers in the region of the diaphragm. 

From an anatomical point of view, complete 
vagotomy can be done most satisfactorily at 
the diaphragm, at which location the smaller 
branches of the vagi tend to form into large 
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TABLE I.—INDICATIONS FOR VAGOTOMY 
(35 CASES) 


| No. of cases 





Complications 


Previous perforation } 14 

(with recurrent intractability) (16 perfora- 

tions) 
Bleeding ‘ 

(including 10 cases of previous massive hemorrhage) | 19 
Pyloric obstruction | 6 : 
Intractable pain 12 

Total 53* 





*More than 1 complication was present in some patients. 


trunks (3, 5, 24). Due to marked anatomical 
variation in the distribution of the nerves, 
complete vagus section may be difficult to 
achieve in about 8 per cent of cases (3). 


POSTOPERATIVE CARE 


Early in this study, postoperative intra- 
gastric suction was maintained for 2 to 3 days. 
Following a case of acute gastric dilatation and 
retention, the gastric decompression was con- 
tinued for 5 days in order to prevent the marked 
gastric dilatation which often followed vagus 
section. The patients were kept in fluid, elec- 
trolyte, and nitrogen balance by parenteral ad- 
ministration of saline, dextrose, protein di- 
gests, and blood. The patients were usually 
out of bed the day after surgery, and ambula- 
tory by the second day. Small frequent feed- 
ings of clear liquids were given on the sixth and 
seventh postoperative days and small frequent 
feedings of general liquids on the 2 following 
days. A soft diet was usually given on the 
tenth postoperative day and a general diet was 
allowed after 2 to 3 weeks. The patients were 
permitted to eat anything they chose but were 
cautioned against overeating for the first few 
months because of the danger of producing an 


TABLE IIl.—TYPE OF SURGERY IN 35 
CASES OF VAGOTOMY 




















' . : No. of 
Type of surgery Diagnosis Coane Total 
Duodenal ulcer 6 
Transthoracic vagotomy - Cree -{-— 
Marginal ulcer 3 9 
; Duodenal ulcer 4 
Transabdominal vagotomy | ———————————- ——- 
Marginal ulcer 5 9 
Transabdominal vagotomy Prepyloric ulcer I 
with posterior — —— ———— 
gastroenterostomy Duodenal! ulcer 16 17 
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Fig. 1. Barium meal demonstrating cardiospasm, gastric 
dilatation, and retention 2 weeks following vagotomy. 


acute dilatation in the vagotomized stomach. 
There were no further cases of acute gastric 
retention and dilatation. 


RESULTS 


In general, clinical results have been excel- 
lent. Following surgery, all patients had im- 
mediate relief of ulcer pain. For the first time 
in many years, 31 of the 35 patients are leading 
an unrestricted life. Ulcer management, includ- 
ing dietary and medical treatment, has been 
eliminated completely. Following vagotomy, 
the majority of the patients noted a change in 
the bowel habit. They had one or two soft 
bowel movements a day, whereas preopera- 
tively almost every patient gave a history of 
constipation. Troublesome diarrhea occurred 
in 2 patients. However, the diarrhea disap- 
peared spontaneously after 2 months. Thirty 
patients had satisfactory weight gain. Thirty- 
one patients expressed themselves as being 
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well satisfied with the results. The most strik- 
ing results, from the standpoint of relief of in- 
tractable ulcer pain, have occurred in 8 patients 
with marginal ulcer. 

One patient died on the eighth postoperative 
day due to uremia and lower nephron nephrosis 
which followed a blood transfusion reaction. 
Recurrence of ulcer symptoms with positive 
x-ray evidence of peptic ulcer occurred in 4 
cases. One patient developed an acute gastric 
retention and dilatation on the tenth post- 
operative day which was treated effectively 
by gastric lavage followed by the administra- 
tion of doryl (carbamylcholine, 36). The initial 
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Fig. 3. Average basal secretion before and after vagotomy 
(16 hours previous fasting). 
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Fig. 2. The effect of insulin on gastric acidity before and after vagotomy. 


dose of doryl was 0.25 milligram subcutane- 
ously, followed by 2.0 to 4.0 milligrams orally 
3 times a day before meals. This patient de- 
veloped a persistent, foul belching which lasted 
5 months in spite of treatment with doryl or 
urecholine (10 mgm. 3 times a day before 
meals). These foul eructations have ceased 
and the patient is entirely asymptomatic. 

The symptoms of cardiospasm, verified 
roentgenologically in 2 instances (Fig. 1), were 
noted in 3 patients about 2 weeks postopera- 
tively. The dysphagia, substernal discomfort, 
and regurgitation of food were spontaneously 
relieved in from 1 to 3 weeks. 

One patient has a loss of appetite with a 
failure to gain weight, and 1 patient has oc- 
casional vomiting. One patient, who had an 


TABLE III.— 12 HOUR NIGHT SECRETION BEFORE 
AND AFTER VAGOTOMY 














Volume | Free acid | No. of No. of 
cubic clinical | determina- : 
~ ; : patients 
centimeters units tions 
Preoperative 1153 39 7o 22 
Postoperative 
a. Complete _ 
vagotomy with 
gastroenteros- 
tomy 630 3 38 14 
Without gastro- 
enterostomy 343 9 13 4 
b. Incomplete 
vagotomy 687 16 10 3 


























ne- 
lly 
de- 
ted 
or 
ore 


sed 
hed 


rere 
ra- 
ort, 
isly 


ha 
| an 


ORE 


». of 
ients 








MEYER et at.: VAGOTOMY IN TREATMENT 






OF PEPTIC ULCER 527 








90 7] 
é0- 
2 70 4 BEFORE 
=> 
Sw! 1.0 MGM. HISTAMINE 4 Paper ping 
z PHOSPHATE. mtg. | we. 
$ so4 1M. 
S 40 p 
8 
X 304 Pe ee | 
PY @-°" Mik 2ND. WK. AFTER 
« 204 COMPLETE VAGOTOMY 
AVERAGE RESPONSE 
arn 326 mEg./ HR. 
GroeeeeePoreees, pacennee ad 9/4 
0 T T Tr r + 7 7 ] 
600 815 830 845 900 915 930 945 1000 
ASPIRATION T/ME 
STARTED 


eoosee == BASAL SECRETION 
Fig. 4. The effect of histamine on gastric acidity before and after vagotomy 





(average of 11 patients). 


excellent clinical result, was readmitted to the 
hospital 3 months following vagotomy with a 
bronchopneumonia from which he died. Au- 
topsy showed the pneumonia to be unrelated 
to the previous vagotomy. 

The most frequent and disturbing compli- 
cation was gastric retention and distention; but 
this has been controlled by the use of a gas- 
troenterostomy if pyloric obstruction was pres- 
ent, by careful postoperative management, and 
by occasional use of doryl or urecholine (36). 

Thirty patients were tested for completeness 
of vagotomy by the insulin test (34). Four- 
teen to 16 units of regular insulin were injected 
intravenously after a 1 hour control period of 
basal secretion and motility. The effect of in- 
sulin hypoglycemia on gastric secretion and 





motility was noted for 114 to 2 hours. The 
average preoperative and postoperative results 
in 22 patients with duodenal ulcer are shown 
in Figure 2. Preoperatively, there was a 
marked rise of the free acid level following in- 
sulin hypoglycemia, and spontaneous or in- 
sulin-induced hunger contractions were pres- 
ent in the fundus of the stomach. A similar 
response postoperatively is positive evidence 
of incomplete vagotomy, whereas the absence 
of an acid response to insulin hypoglycemia 
and of hunger contractions, either spontaneous 
or insulin-induced, is indicative of complete 
vagotomy. Of 30 patients tested, 5 had in- 
complete vagus section, in 2 the result was 
doubtful,and 1 had recurrence of vagal function 
after 9 months; a total of 8 patients having 
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Fig. 5. The effect of caffeine on gastric acidity before and after vagotomy (average of 12 patients). 
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doubtful or incomplete vagotomy. Four of 
these have had recurrence of ulcer symptoms. 

Roentgenologic studies were made preoper- 
atively, 2 weeks postoperatively, and again at 
2 to g months after surgery (33). Two weeks 
after complete vagotomy there was a marked 
delay in the initial gastric emptying. After 4 
hours there was 50 to 7o per cent retention of 
barium in the stomach, and in only a few cases 
had the barium reached the cecum. No strong 
peristaltic waves were seen in the stomach. 

yastric retention was present in patients with- 
out gastroenterostomy and in those with a 
large gastroenterostomy, but was less in the 
latter group. Marked contractions of the 
stomach and prompt gastric emptying were 
noted 5 to 10 minutes following the adminis- 
tration of 0.25 milligram of doryl subcutane- 
ously (36). Delay in gastric emptying was less 
marked after 3 months, however it was still 
present gmonths following complete vagotomy. 

Physiologic studies show marked changes in 
gastric function following complete vagotomy 
(35). The night secretion is markedly reduced 
(Table III). The basal secretion after 16 
hours of fasting is practically eliminated (Fig. 
3). The secretory response to histamine is re- 
duced from 12.7 to 3.6 milliequivalents per 
hour or 72 per cent (Fig. 4). The secretory re- 
sponse to caffeine is reduced from 7.2 to 0.96 
milliequivalents per hour or 86 per cent (Fig. 
5). Spontaneous type I, II, and IIT hunger 
contractions after 16 to 24 hours of fasting are 
not present in the fundus of the stomach up to 
9 months after complete vagus section. 

DISCUSSION 

The early complications of vagotomy, such 
as cardiospasm, gastric dilatation, or retention, 
are easily controlled and do not detract from 
the value of vagotomy in the treatment of 
peptic ulcer. There are two important ques- 
tions, however, which must be answered before 
vagotomy can be accepted unreservedly. 

1. What percentage of patients will have re- 
currence over a period of years? 

2. Are the changes in gastric function per- 
manent following complete vagotomy? If so, 
will there be late sequelae due to either changes 
in gastric function or to changes in other or- 
gans innervated by the vagi? 
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Theoretically, recurrence may be explained. 
by either failure to resect all the vagus fibers, 
regeneration of the vagi, or by factors unre- 
lated to vagus nerve section. Since section of 
all the vagus nerve fibers going to the stomach 
is necessary in order to obtain a good result in 
the treatment of peptic ulcer, a determination 
of completeness of vagotomy should be con- 
ducted on all patients. This can best be ascer- 
tained by use of the insulin test (34). Most of 
‘he clinical reports on vagotomy do not specify 
the number of patients having had incomplete 
vagus section. One clinic reports that 48 per 
cent of patients had incomplete vagus section 
(17). In our series, 5 of 35 patients, or 14 per 
cent, hadincomplete vagotomy postoperatively 
as shown by the insulin test. In 1 case which 
tested “‘complete”’ following surgery there was 
a mild recurrence of ulcer distress after 9 
months. An insulin test at this time showed 
incomplete vagotomy. This may have been 
due to regeneration of the vagus nerve fibers. 
Thus, at the end of a year, 6 patients, or 17 
per cent, were known to have incomplete vagus 
section. Four of these have had recurrence 
of ulcer distress. One had a very severe recur- 
rence of epigastric distress, hematemesis, and 
vomiting 6 months after incomplete trans- 
thoracic vagotomy for a marginal ulcer. The 
patient was reoperated upon and a transab- 
dominal vagotomy performed which subse- 
quently tested “‘complete.”’ The patient has 
had an excellent clinical result to date. 

Gastroenterostomy has a very limited place 
in the treatment of peptic ulcer because of the 
high incidence of postoperative gastrojejunal 
ulcer. Incomplete vagotomy and gastroenter- 
ostomy may result in similar gastrojejunal 
ulceration. 

The permanency of the altered gastric func- 
tion following complete vagotomy is not yet 
certain. The early changes in gastric function 
provide evidence for a reappraisal of the pres- 
ent concept concerning the relationship of the 
vagus nerves to gastric function. Pavlov 
proved that the vagi are the sole mediators of 
the cephalic phase of gastric secretion. The 
vagi are the predominating but not the only 
factor contributing to the interdigestive period 
of gastric secretion, as shown by the reduction 
but not complete abolition of the night and 
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basal secretion following complete vagotomy. 
Also, the gastric response to secretagogues is 
partially dependent upon vagus function as 
shown by decreased gastric response to caffeine 
and histamine after complete vagotomy. 

Illustrative of the change in the gastric se- 
cretory mechanism following complete va- 
gotomy is a patient who, prior to surgery, had 
spontaneous secretion of free acid up to 78 
clinical units during the basal period and 135 
clinical units following 1.0 milligram of hista- 
mine phosphate. After complete vagotomy 
there was no free acid during the periods of 
basal secretion or following histamine. An 
achlorhydria was present. 

In view of these changes in gastric function 
following vagotomy, one must consider the 
possibility that the other organs innervated by 
the vagus will also be affected. The influence 
of complete vagotomy on the pancreas, liver, 
gall bladder, intestines, adrenals, and kidneys 
has not been reported. One possible instance 
of an exacerbation of hypertension following 
vagotomy is reported (26). 

In spite of lack of information concerning 
recurrences and late sequelae, complete va- 
gotomy is considered the treatment of choice 


for marginal ulcer following gastric resection. ; 


SUMMARY AND CONCLUSIONS 


Thirty-five patients with peptic ulcer have 
had vagus section and have been followed 
clinically from 6 to 15 months. Complete va- 
gotomy causes immediate cessation of peptic 
ulcer distress with apparent healing of the 
ulcer. There are marked changes in gastric se- 
cretory and motor mechanisms following com- 
plete vagotomy. It is not certain to what ex- 
tent the altered gastric function is permanent. 
Little is known of the effect of vagotomy on 
the other organs innervated by the vagi. 

It is still too early to make a final evaluation 
of vagotomy in the treatment of peptic ulcer. 
Until more information is available concerning 
the incidence of recurrence of ulcer distress and 
the possible late sequelae, the use of vagotomy 
should be limited to clinical investigation with 
one exception. Complete vagotomy is the 
method of choice in the treatment of marginal 
ulcer following gastric resection. 
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STEEL WIRE SUTURES, LOCAL ANESTHESIA, AND IMMEDI- 


ATE AMBULATION IN THE TREATMENT OF HERNIA 


GERALD H. PRATT, M.D., F.A.C.S., New York, New York 


HE advantage of metallic suture ma- 

terial in surgery had been known 

since Marion Sims successfully closed 

the first vesicovaginal fistula with 
silver wire. His success demonstrated that 
these sutures would be effective where no 
others would succeed. The use of wire general- 
ly was not feasible because of the difficulty in 
handling the silver wire, its lack of strength 
and the cost. The introduction of stainless 
steel wire by Babcock in 1932 and its great 
success in his hands as well as those of his fol- 
lowers has opened new fields of surgery for us 
and to our minds marks one of the great sur- 
gical advances in years, comparable even to 
chemotherapy. Difficult fistulas and sinuses 
may be approached with confidence and opera- 
tions on mucous membranes (i.e., cleft palate, 
etc.) are no longer awesome. 

The success of the stainless steel wire suture 
on the serosa of the bowel and in such areas as 
duodenal stump closures can be attested by 
those who have tried it. Not only do struc- 
tures heal better but the infection incidence 
is greatly reduced. Jones’ reduction in the 
incidence of infection from 27.5 to 0.85 per 
cent in large bowel surgery by changing from 
catgut to steel wire is sufficiently significant 
in this respect. Since 1935 this suture has re- 
placed all others in abdominal wound closures 
in our practice. Some surgeons, however, are 
not aware of its wide adaptability to general 
surgery. It is the purpose of this paper to 
show its use in hernia repair where it is of par- 
ticular value. 

Hernia is a common surgical affliction. In 
the examination of 2,700,000 men 4 per cent 
of those between the ages of 21 and 30 years 
were rejected for military service because of 
hernia. Approximately ro per cent of all males 
from the age of 20 to 70 years have a hernia 
on one side and of these, 60 per cent have suf- 
ficient findings on the other side as to make 
them physically disabled. It follows that in 
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general surgical practice 1 of every 5 or 6 
operations will be for this condition. 

Surgical cure after operation is somewhat 
uncertain, particularly in the older patients. 
Most surgeons, when questioned will claim a 
very low recurrence rate, but when large series 
of carefully followed patients are studied, an 
incidence from to to 30 per cent is usual. 
Erdman reported 650 hernias with a recur- 
rence rate of 7 per cent, and this favorably 
compared with the 8 per cent in L. Davis’ 
series of 754 at the Massachusetts General 
Hospital. If the patient is elderly, however, 
the chance of cure after operation is less. Of 
659 hernias, in patients over 50 years of age 
operated on at the Ruptured and Crippled 
Hospital in New York (Hospital for Special 
Surgery) failure resulted in 25.8 per cent of 
the operations. In the Grace and Johnson 
series failure resulted in 30 per cent in the in- 
direct type and in 38 per cent in the direct 
type. This lack of success in from ro to 30 per 
cent of operations for hernia repair carried out 
by competent surgeons has led to a search for 
factors other than technique as the cause of 
failure. Anatomical studies were made to de- 
termine if there was a type of physique which 
made repair impossible. Moorehead was able 
to observe over a period of years the progress 
of nearly 100 per cent of his New York subway 
patients, and he reported reoperation in 10 
per cent. The Army and Navy, where a fair 
check can be maintained by the health record 
system, also showed a large recurrence rate. 
At a large Naval hospital, where I served on 
the surgical service, 12 per cent of all hernia 
operations were for recurrence. The average 
recurrence of direct hernias reported in the 
literature was 24 per cent. 

While technique and skill play a large part in 
success, a hernia repair can succeed only if the 
structures remain united until healing is com- 
plete. In this respect, suture material plays an 
important part. Surgeons, in reoperation for 
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Fig. 1. Babcock type hernioplasty. Sac is dissected to internal ring, base is trans- 
fixed and transplanted behind the lateral edge of rectus muscle. The lateral edge of 
rectus is united to the shelf of the inguinal ligament medially; the cord is not ele- 
vated or disturbed. The external oblique is imbricated. Ail sutures are of interrupted 
steel wire. 


some complication, frequently have noted the 
complete disintegration of absorbable sutures 
within a few days’ time. This inconsistency 
in the action of catgut stimulated a search for 
other suture materials. The effort was has- 
tened by the knowledge that certain patients 
have a catgut allergy, an antipathy which 
causes them actually to digest and destroy the 
material when it is in the body. Babcock was 
among the first to notice and report this mani- 
festation after investigating it for consider- 
able time in 1933. Cimette, Kraisal, and 
others proved this allergic factor while Hinton 
showed that 1 of every 10 patients who has 
been operated upon was sensitive to an 0.8 
per cent solution of fresh sheep gut. When 
such allergy exists, not only is there poor or no 
wound healing but there is a tendency to 
wound infections. Whipple was able to reduce 
this wound infection incidence to one-third 
merely by discarding catgut. Even when 
there is not catgut sensitivity, the absorption 
of the material at the time of greatest activity 
can be responsible for the weakness in the 
wound. This thought is further strengthened 
by the fact that most recurrences are just 


above the pubic area, the point of greatest 
strain. It is fair to assume that the suture 
material must bear considerable responsibility 
for the high hernia recurrence rate. 

During my 4 years’ association with Dr. 
Babcock, we were much interested in the su- 
ture problem. Under his supervision many 
experiments with various sutures were made 
by me and continued by Preston, Holland and 
Large. All types of catgut, silk, linen, cotton, 
plastic material, and wire were sutured 
through the skin and observations were made 
at 5, 7, and 14 days in order to study the effect 
of the material in human subjects. In reoper- 
ations pathological sections were made of 
both the sutures and the surrounding tissues. 
Control animal experiments for tissue reaction 
and suture were carried out. Later, I con- 
tinued these experiments in New York. The 
results of this work are on record and need 
only to be mentioned. The following obser- 
vations were made: 

1. In 7 to 14 days, there is a distinct tissue 
reaction to catgut, whether of the plain or 
chromic type, the reaction varying from a 
flare to a true pustular formation. 
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Fig. 2. Modification of Babcock hernia technique with the formation of a new 
internal ring. The conjoined tendon is incised medially and sewed after the cord is 
displaced in that direction. The lateral edge of the rectus is united to the shelf of 
the inguinal ligament. All sutures are of interrupted steel wire. 


2. In 50 per cent of silk sutures retained 
over 10 days some necrosis of tissue occurred 
around the suture. 

3. Cotton sutures, while having less reac- 
tion than silk, are of inconsistent tensile 
strength, sutures on the same spool varying 
at times as much as 5 pounds in the force 
they withstand. 

4. Wire sutures, if not tied too tightly (to 
constrict tissue), will have no reaction around 
them go per cent of the time. 

5. Wire, for its size, has the greatest tensile 
strength and therefore can be used in propor- 
tionately smaller sizes. 

After considerable study and further test- 
ing, wire was adopted first by Dr. Babcock; 
therefore, at the Babcock clinic as early as 
1933 and in my own practice since 1935, it 
has been used exclusively to close all abdom- 
inal wounds. 

During the recent war, while serving in the 
Pacific area with the Navy, I carried several 
spools of Babcock wire constantly with me, 
since many areas were not supplied with the 
suture. I am certain that some unexpected 
good results in infected wounds were brought 
about through the employment of the wire 





suturing material. I refer, particularly, to 
certain intestinal anastomoses and exteriori- 
zation operations in the presence of grossly 
infected wound conditions in which results 
were far better than would have been ex- 
pected had other suture techniques been 
used. 

In 1942, I presented a series of 85 consecu- 
tive cases of inguinal hernias which were 
repaired with steel wire at the N. Y. Post 
Graduate Hospital. During my service in the 
Navy, it was possible to observe the results 
of repairs with many different suture materials, 
the type varying usually with the preference 
of the chief of surgery. When I returned to 
this country, all hernia operations performed 
at the second largest Navy hospital in this 
country, the one at St. Albans, were done with 
the steel wire technique. Approximately, 60 
hernia operations were done every month. A 
comparison of these operations with those done 
by other techniques has been made by Fergu- 
son and Fraser. I wish to report only on those 
performed by me or under my personal direc- 
tion, before, during, and since the war. 

All of these operations were done under 
local infiltration and block anesthesia (1 per 
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Fig. 3. Modified Bassini repair. The cord is elevated, the sac is resected at the 
base, and the base is transplanted under the edge of the rectus. A new internal ring 
is established by dividing the conjoined tendon and moving the cord medially. All 
sutures are of interrupted steel wire. The external oblique may be sutured above 


or below the cord. 


cent procaine) except the recurrent ones, these 
being done under spinal anesthesia. Three 
hundred and seventy-six hernia operations 
are thus included with the other I previously 
reported, all performed with the same wire 
technique. Fifty-eight per cent of these were 
indirect, 21per cent direct, 12percent recurrent, 
and g per cent femoral or umbilical type. The 
first 143 and the last 70 of these operations 
were done with a modified Babcock technique. 
In the Babcock type of operation the cord is 
not elevated or disturbed. The sac is freed and 
resected at the internal ring and its base is 
transplanted behind the lateral edge of the 
rectus muscle No. 36 steel wire being used 
(Fig. 1). If the internal ring is very large we 
have modified this technique by incising the 
conjoined tendon medially and pushing the 
cord in that direction and sewing the con- 
joined tendon below the cord, thus making 
a new internal ring and closing the old one 
completely (Fig. 2). The repair then follows, 
with the lateral edge of the rectus being su- 
tured with No. 32 or No. 34 wire, to the 
iliopectineus or actually to the periosteum of 
the pubis. The lateral edge of the rectus then is 
united to the shelf of the inguinal] ligament, the 





conjoined tendon being folded into the in- 
guinal canal up to the internal ring. Lateral 
to the internal ring, the conjoined tendon is 
sutured to the shelf. The external oblique 
fascia is imbricated with No. 35 steel wire and 
the skin is closed with No. 36 steel wire. 

In the remainder of the cases the repairs 
were of the Bassini type. The change to the 
Bassini operation was made while I was in the 
Navy in order to make the operations uniform 
and thus save confusion among the officers 
sent to us for surgical training. 

The follow-up in the first 86 and the last 70 
cases (156) is entirely complete and covers 
periods of from 12 months to 12 years. The 
follow-up in the remainder of the operations 
(220) performed in the Navy is incomplete 
but each patient was followed up for 6 months. 
There have been 4 known hernia recurrences: 
rin a large hernia twice recurrent before, where 
a distressing postoperative cough caused sur- 
gical failure within a few days after operation, 
and another in an enormous hernia with 
stretched out fascial planes repaired by a 
trainee. Subsequent repair has been success- 
ful so far. While all of these patients have not 
as yet been followed for a sufficiently long 
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period, they have been observed well past the 
critical first 6 month period. Seventy-five per 
cent of recurrences are demonstrable within 
12 months. 

Certain other factors are worthy of men- 
tion. Formerly in the Navy, a routine flat- 
in-bed period of 21 days was a routine pro- 
cedure after such an operation. In the 6 
months prior to the installation of wire suture 
material in this Navy hospital, the bed days 
averaged from g to 13. With the introduc- 
tion of the wire suture technique and with 
the use of local anesthesia, the patient was 
encouraged to get up upon his return from 
the operating room and to go to the “head” 
the first day. Previously, we had always been 
afraid to have hernia patients out of bed early. 
With the use of the wire technique the danger 
of early ambulation is over. In the group of 
patients with hernias repaired by the wire 
technique, including the patients with re- 
currences, the average number of days in bed 
was 3.4 days, and 85 per cent of the patients 
were up the first day. This early ambulation 
reduces materially the bladder and chest and 
thrombosis complications. Men were returned 
to duty in 21 days, and in the Navy that 
meant full duty, including hoisting and carry- 
ing their hammocks and seabags. 

The lack of physical discomfort after these 
operations was outstanding. While it is usual 
to order morphine routinely after hernia op- 
erations, a record of this group showed that 





there was only one hypodermic of morphine. 


given per each patient in the first 72 hours. 

The complications following these opera- 
tions were comparable to those in any group 
in which, in many instances, the operation 
was done by a surgeon under training. There 
were g wound hematomas, 12 wound infec- 
tions, 9 serous pockets, 14 stitch abscesses, 1 
atelectasis (after local anesthesia) 5 pneu- 
monias (3 after local and 1 after spinal), 1 
coronary occlusion, and 1 partial wound sepa- 
ration. There were no genitourinary compli- 
cations, and no thrombosis. There were no 
deaths in the group. 


SUMMARY 


1. Recurrence after hernia operations re- 
mains high even in the hands of competent 
surgeons. 

2. Of the nonabsorbable suture materials, 
steel wire to our minds best fulfills the funda- 
mental suture criteria that it be of great ten- 
sile strength, cause minimal tissue reaction, 
and that it can be inserted with little trauma. 

3. Over a period of to years it has been 
used exclusively and satisfactorily in hernia 
repair. 

4. The steel wire repair of hernia combined 
with local anesthesia and early ambulation 
has resulted in less recurrences, fewer bed and 
hospital days, and less discomfort and disabil- 
ity to the patient than when repairs were 
made with other suture material. 
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STUDIES UPON SPINAL CORD INJURIES 





III. Altered Reflex Activity 


JOHN MARTIN, M.D., F.A.C.S., and LOYAL DAVIS, M.D., F.A.C.S., Chicago, Illinois 


HE conditions described by such 

terms as “mass reflex,” “spasm,” 

“paraplegia in extension,” “paraple- 

‘gia in flexion,” and “‘spinal shock,” 
commonly known to accompany severe in- 
jury to the spinal cord, are all actually mani- 
festations of the same general state, that is, 
altered spinal reflex activity. The loose em- 
ployment of these terms leads to confusion. 
An experience with 490 patients with spinal 
cord injury, observed both early and late 
after injury and in many instances observed 
over a period of several years, has made us 
content with the simpler, more inclusive term 
“state of altered reflex activity.”’ It is very 
difficult, and may not be necessary or even 
desirable, to categorize all the variants of 
these alterations as, for instance, their phylo- 
genetic characteristics, the level of the lesion, 
and the degree of severity of injury. 

An understanding of the nature and cause 
of bizarre reflex activity in man after injury 
to the spinal cord must come from a study of 
man. Unfortunately for the purpose of such 
study, the higher in the phyla one seeks the 
less “pure” will be the reflex function of the 
segment of intact spinal cord below the level 
of injury. One has but to recognize the early 
appearance and normality of reflex activity of 
the frog following high cervical cord transec- 
tion. After such a lesion in the rabbit, the 
loss of reflex activity is profound for a period 
of an hour or less, with the appearance there- 
after of a very responsive reflex state. In the 
cat, complete transection of the cord produces 
a loss of all reflex activity which may persist 
for the widely varying limits of 5 to 30 days, 
whereas severe contusion without complete 
anatomical interruption, though it produces a 
complete transient loss of all reflex activity, 
allows the reappearance of certain of the 
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reflexes as soon as 2 days after injury. In the 
monkey, according to many observers, the 
effect is much as it is in man. The state of so 
called ‘“‘shock”’ is severe and persistent, and 
the reflexes, once having appeared, show 
variation from animal to animal, and are 
seen rarely in their elemental, purposeful 
forms. These conditions are even more true 
for man. 

In the patient with a spinal cord injury, 
abnormal reflex activity, appearing early or 
late, may manifest itself in the responses to 
plantar or other superficial stimulation, to 
muscle stretching (deep tendon reflexes), to 
genital stimulation, and to the stimulation of 
either the bladder or bowel. The vasomotor, 
pilomotor, and sudomotor responses which 
accompany the various striated muscle con- 
tractions may be entirely erratic. If we have 
learned but one thing in our study of both 
animals (cats) and man, it has been that 
“patterns” of reflex responses in the spinal 
individuals are rarely repeated often enough 
to make them reliable for diagnostic or prog- 
nostic use. “Rules’’ defining these responses 
cannot be laid down. 


THE STATE OF DECREASED REFLEX ACTIVITY 


It is commonly stated that after a severe 
injury to the spinal cord the condition of 
“spinal shock”’ ensues, in man for 3 or 4 weeks, 
during which time reflex activity is absent. 
The term “spinal shock” is an unfortunate 
one, since in no way does the patient appear as 
in shock as the condition is commonly recog- 
nized. As a matter of fact, after the first few 
hours are past and the truly shocking effects 
of the trauma have worn off after the patient 
has had the customary supportive care, in- 
cluding surgery if that is necessary, the pa- 
tient is usually comfortable, shows satisfac- 
tory blood pressure, pulse, respiration, and 
temperature readings, and is normally active 
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above the level of the lesion. The exception of 
course is the mid or high cervical lesion which 
so commonly results in early death. It is 
hardly tenable, furthermore, that shock can 
be said to persist for weeks at a time, with the 
patient in good condition save for his paraly- 
sis. This interval should be designated as one 
of decreased reflex activity. But all reflex activ- 
ity is rarely gone. In fact, the genital re- 
flexes (active ischiocavernosus and bulbocav- 
ernosus muscle reflexes with erection) may 
appear immediately to be persistent over a 
long period of time. Erections occurring im- 
mediately have been noted in patients with 
transected or incompletely crushed cords, 
both in the cervical and thoracic regions, and 
this reflex has been seen to remain active and 
easily provoked for as long as 4 years after 
injury. Indeed it is through stimulation of the 
external genitalia (but not with nocuous stim- 
uli), the perineal skin, and the inner surfaces 
of the thighs that one may first note the onset 
of the second stage, or the state of heightened 
reflex activity. With the beginning of this 
second phase, there appears the early visceral 
and vasomotor reflex changes, and flexion, 
extension, or adduction of parts of the lower 
extremities. After the first day or two, there 
is frequently, though not characteristically, 
an almost normal appearing flexor movement 
of the toes on plantar stimulation. During 
this period there is retention of urine and 
catheter care is necessary. The bowels re- 
quire enemas, but ordinarily automaticity of 
the bowels, if it develops at all, will begin at an 
earlier date than similar function of the blad- 
der. Knee and ankle jerks are absent during 
the early days after injury. Bladder irrigation 
and enemas seldom cause flushing, sweating, 
headache, or ‘“‘crampiness” in the abdomen 
before the 4th week has passed. The skin below 
the level of the lesion becomes quite dry, pale 
and lifeless, especially on the feet and ankles, 
and tissue turgor is poor. It is during these 
first few weeks when vasomotor stability is 
lost in the skin (4) that bed sores are most 
likely to develop. 

Except for the ever-present specter of bed 
sores, the patient is usually a nursing prob- 
lem of ordinary degree during the period of 
depressed reflex activity, taking into account 





the special attentions to the bladder, the 
skin, and the state of nutrition. Neurologi- 
cal recovery, if it is to occur, will show some 
signs fairly early, and the persistence of de- 
pressed reflex activity, with or without any 
plantar responses, usually means that a 
complete physiological, if not anatomical, 
lesion exists. Sherrington discussed the period 
of “shock” in a‘ few paragraphs, hardly im- 
proved upon to this date, when he stated, 
“Spinal shock appears to take effect in the 
aboral direction only. Section behind the 
brachial enlargement disturbs little if at all 
the reactions of the fore limb, although the 
number of headward running channels of 
conduction ruptured by such a section is 
enormous. ... On the aboral side of the tran- 
section depression is profound.... The view 
of Goltz and his school that ‘spinal shock’ is 
a long lasting inhibition due to irritation by 
trauma is not, I think, really tenable... . 
Were the mere irritative actions of the trauma 
the cause, it is not easy to see why the nerv- 
ous centers near the trauma should not be 
depressed on either side of, for instance, a 
spinal transection, headward as well as back- 
ward. . . . The practical absence of spinal 
‘shock’ on repetition of the trauma further 
back is explicable by its then causing little fur- 
ther aggravation of the interruption of the nerv- 
ous channels concerned with vascular tone and 
vascular reflexes, those channels having already 
been ruptured by the previous transection 
somewhat further headward. . . . There re- 
mains the further question as to whether spinal 
‘shock’ is a phenomenon of inhibition. . . . 
The condition of the spinal reflex-arcs in spinal 
shock appears to resemble a general fatigue 
rather than an inhibition. It renders difficult 
and uncertain the process of conduction along 
the reflex-arc as judged by the discharge from 
the terminal neurone. This suggests a loosen- 
ing of nexus between the links of the neurone- 
chain composing the arc; a defect of transmis- 
sion at the synapse. . . . I think, therefore, that 
spinal shock is neither due to irritation by 
trauma, nor in the main a phenomenon of in- 
hibition. The rupture of certain aborally con- 
ducting paths appears to induce it. . . . The 
deeper depression of reaction into which the 
higher animal as contrasted with the lower 
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sinks when made ‘spinal,’ appears to me sig- 
nificant of this, that in the higher types, more 
than in the lower, the great cerebral senses 
actuate the motor organs and impel the mo- 
tions of the individual.” 

The early phase of reflex depression has 
been studied in four groups of cats in which 
injury of the spinal cord was produced. 
Eight cats were operated upon and severe 
pressure exerted upon the 4th thoracic seg- 
ment of the cord for 3, 6, 12, 18, 24, 48, 72, 
and 96 hours, following which the animals 
were killed. A second group was similarly 
operated upon, except that at the end of 
these periods of pressure the animals were 
again operated upon and the mechanism of 
pressure removed. In a third group, 2 cats 
were subjected to electrocoagulation of all the 
blood supply of the isolated 4th thoracic seg- 
ment, and in a fourth group 4 other animals 
were subjected to total maceration and com- 
plete destruction of the cord at that level. 
Certain of the animals in the second series 
regained some function, but in the animals of 
all groups the so called shock was equally 
early and severe. As has already been pointed 
out, the genital reflexes and the occasional 
flexion of the toes on plantar stimulation, 
particularly with nocuous stimuli, occurred in 
patients as early and as actively regardless 
of whether or not the cord was completely 
transected or severely crushed, or whether 
any other form of trauma was the cause of 
interruption of normal physiological function. 
Furthermore, the profoundness of the absence 
of other forms of reflex activity will be found 
to be the same when there is complete physio- 
logical (with or without complete anatomical) 
interruption of the cord. The problem which 
remains unanswered, therefore, is the cause 
of this sudden and persistent state of de- 
pressed reflex activity, increasingly profound 
as one ascends the phylogenetic scale. 

Riddoch apparently also accepted the the- 
ory that separation of the effector mechanism 
from cerebral control was the cause of the 
altered post-traumatic reflexes. It seems to 
us, however, that if the conditions of altered 
reflex activity were due solely to loss of cere- 
bral direction because of neuronal interrup- 
tion, the state of change should remain the 


same from the time of injury, since the in- 
terruption, once effected, is final. It would 
seem more logical that at least one factor in 
the appearance of these reflex states would be 
a change, in the intact and adequately vas- 
cularized segment of cord and its peripheral 
nerve and end organs below the level of the 
lesion, of a histological and chemical nature. 
If that were true, it is possible that, during the 
state of depressed reflex activity, the various 
parts of the reflex-arc, including the myo- 
neural junctions, are inactive in a period of 
reorientation and reorganization of function 
for a state of autonomous function of a prim- 
itive nature. In this state of autonomy, how- 
ever, the organs most affected, the muscles, do 
not atrophy apparently because of the viable 
cord, even though connection with the upper 
motor neuron is lost. 


THE STATE OF HEIGHTENED REFLEX 
ACTIVITY 


In our group of 490 patients with spinal 
cord injury, 16.3 per cent were of the cervical 
cord, 59.6 per cent were of the thoracic cord, 
and 24.1 per cent were of the conus and cauda 
equina. Obviously lesions of the cauda equi- 
na are not to be discussed with those of the 
spinal cord when spasm is considered. Sixty- 
four per cent of the patients suffered injuries 
of the open type, as bullet, shrapnel, or stab 
wounds of the cord. Thirty-six per cent were 
patients with closed injuries such as occur in 
a fracture-dislocation of the spine. A certain 
number of both types have led to surgical ex- 
posure of the lesion, either early or late, and 
while we have seen active, complete gross an- 
atomical separation of the cord, such a state 
of affairs is the exception rather than the rule, 
even in the severest of either type of injury. 
The question is always present as to whether 
the lesion is “complete” or “partial.”” It seems 
reasonable to believe that a few remaining 
shreds of cord tissue are incapable in most in- 
stances of remaining viable and of transmit- 
ting impulses, since such isolated tissue must 
necessarily suffer secondary softening and de- 
generation due to pressure or ischemia. We 
have seen many cords at the level of a frac- 
ture-dislocation which appeared slightly con- 
tused and swollen, while others have been 
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found in a severe state of crush or even shred- 
ded and avulsed, but, as Naffziger has pointed 
out, if neurological signs do not indicate, at 
the end of 24 hours, some viability of the cord 
or parts of it at the level of the lesion, especial- 
ly by the signs of beginning recovery, then 
most likely no neurological recovery will ever 
occur. It should be stated here, however, that 
since that very question of viability cannot 
early be determined, every opportunity should 
be afforded to insure the preservation of any 
such viability by the surgical removal of all 
causes of local pressure. 

It is unfortunate that in neither animals nor 
man can the complete anatomical and com- 
plete physiological lesion be differentiated ear- 
ly. By far the greater number of patients with 
early complete loss of all neurological function 
but without gross anatomical section of the 
cord remain as profoundly and persistently 
lacking in return of function as do those known 
to have had the cord actually severed. We 


have seen little difference in the deep tendon’ 


reflexes, plantar responses, muscle spasms, 
genital and viscero-visceral reactions in pa- 
tients with clean anatomical cord section and 
those with crush, preservation of continuity 
of the cord, but permanent failure of neuro- 
logical recovery. Gross anatomical section as- 
sures the physiologically complete lesion, but 
a severely contused cord undergoes such sof- 
tening, with later gliosis, that it, too, is in a 
microscopic sense anatomically severed. 

Be the injury cervical or thoracic, open or 
closed, with a complete lesion of the cord as 
indicated either by surgical verification or by 
the long persistent failure of recovery, the se- 
verity of the heightened reflexes varies from 
patient to patient. There are those patients 
who never at any time develop anything more 
than the mildest degree of spasm, while oth- 
ers early and rapidly progress to such a condi- 
tion of hyperactive reflexes that the persistent 
deformity calls for specific medical or surgical 
care. It has been our observation that the ear- 
ly care of the patient has much to do with his 
later period of heightened reflex activity. 
When the proper surgical care has been given 
early, and when all supportive measures, such 
as early ambulation of the patient, physical 
therapy, proper care of the bladder, the avoid- 
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ance of decubiti and the other sources of sep- 


sis and general debilitation have been at- 
tained, our patients have been spared later ex- 
cessive reflex activity and all the attendant 
ills. The single greatest factor that is under 
control of those who care for such patients in 
securing a smooth convalescent course is the 
avoidance of sepsis, especially that which 
arises from the urinary bladder. Spasm has 
been greatest in those patients injured in a 
theater of war where their early care was of- 
ten incomplete and where early a state of sep- 
sis and malnutrition was established. Invari- 
ably patients ideally cared for in civilian life 
have not been found to develop such severe 
and disabling reflex activity. The incomplete 
lesion, as would be expected, produces less se- 
vere spasm according to the degree of neuro- 
logical loss. 

The date of onset of the phase of heightened 
reflex activity is not affected by the severity 
of the lesion, its completeness, or whether it 
is in a patient with a closed or open wound of 
the cord. We have seen many patients with 
incomplete lesions, whether verified surgically 
or by the results of neurological examination 
and continued observation, who developed in- 
creased reflex activity as soon as those with 
complete lesions. In many patients with in- 
complete lesions recovery will manifest itself 
within a few hours or days, however, and with 
the appearance of neurological recovery the 
state of “‘shock’”’ must be said to have termi- 
nated. Few incomplete lesions show bilater- 
ally symmetrical loss, and therefore the result- 
ant state of hyperactive reflexes is seldom the 
same in the lower extremities. The patient 
with a completely severed or a hopelessly 
crushed cord will usually develop the state of 
heightened reflex activity no sooner or later 
than the patient with the contused cord which 
never later shows any neurological function. 
The date of the surgical treatment, if given, 
regardless of its type, has not been found to 
affect the date of onset of the heightened re- 
flexes. Patients have been seen who never ex- 
hibited any so called spinal shock for more 
than a few hours, with essentialy an immedi- 
ate onset of hyperactive, bizarre reflexes (ex- 
amples, one patient with a complete lesion at 
seventh cervical and another with an incom- 
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plete lesion at twelfth thoracic). The date of 
onset of heightened reflexes varies widely, oc- 
curring latest among our patients with cervi- 
cal injury in a man with a complete lesion of 
the cord at the sixth cervical at the end of a 
full year, and among those with thoracic in- 
juries in a man with a complete lesion at the 
eighth thoracic at the end of 23 months. The 
average time of onset of the state of height- 
ened reflexes was 114 months in the group of 
cervical injuries, and 214 months in the group 
of thoracic injuries. Small signs of beginning 
reflex activity, such as the upgoing great toe 
or beginning flexion withdrawal of the limb 
may be manifest in a feeble manner for several 
days, so that the transition from the state of 
depressed to heightened reflexes is not an 
abrupt one. 

Many different factors affect the nature of 
the reflex response. In patients known to have 
partial loss of cord function the reflex patterns 
are most commonly extensor in type and at all 
times are less violent in nature. The stimulus 
applied, however, need be no stronger to pro- 
duce a response in such a patient than in a pa- 
tient with a complete lesion. In complete ana- 
tomical severance of the cord or in those pa- 
tients with severe crush and persistent lack of 
neurological change, the reflex pattern is us- 
ually one of flexion, or flexion with adduction. 
Variations are many and even in a patient 
with complete transection of the cord well 
above the lower end of the cord, the response 
is seldom of exactly the same pattern or se- 
quence in the two lower extremities. In its 
most violent form the abdominal muscles con- 
tract (when the lesion is sufficiently high), the 
thighs adduct, and the foot rises dorsalward, 
all together with flexion at the knees and hips. 
Several patients in our group have developed 
at some time in their hospitalization contrac- 
tions severe enough to dislocate the femur on 
one or both sides. One patient with an incom- 
plete lesion at the tenth thoracic had extensor 
spasm when up walking in braces (effect of 
posture), but flexion-adduction of a severe de- 
gree when lying in bed making no voluntary 
effort. 

Ordinarily, the stronger the stimulus the 
more prompt and violent will be the response. 
Furthermore, repetitive small stimuli may, in 
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summation, become great enough to evoke a 
response, a fact known to all students in the 
physiology laboratory. The point of stimula- 
tion is an important factor, for while on theo- 
retical grounds the reflex appears segmentally 
according to the level of the stimulation, ac- 
tually it is not quite that accurate. Midline 
stimulation, as on the skin of the pubis, geni- 
talia or perineum, will customarily evoke a bi- 
lateral flexor-adductor response of the lower 
extremities, at least as low as the knees, but 
plantar stimulation on one side almost invari- 
ably produces a more prompt and violent re- 
action on the ipsilateral side. Painful stim- 
uli will more promptly evoke reflex activity 
of the lower extremity than any other form of 
stimulation. 

Riddoch frequently mentioned in his de- 
tailed discussion the fact that many stimuli 
of an innocuous nature produce penile erec- 
tion, often with the ejaculation of semen. It 
has been our observation, also, that priapism 
may appear immediately after injury, partic- 
ularly when the lesion lies above the sixth tho- 
racic, and may persist throughout the period 
of ‘‘shock,”’ and for months and years after- 
ward, without decrease in the excitability of the 
ischiocavernosus and bulbocavernosus mus- 
cles. In the early days following injury the 
priapism comes and goes apparently inde- 
pendent of any applied stimulus, as if it were 
a part of the general state of vasomotor insta- 
bility. Later, during the stage of heightened 
reflex activity, washing or stroking of the low- 
er extremities, passing a catheter, bathing the 
genitalia, or turning the patient upon his ab- 
domen may bring on the erection. In the pa- 
tient with easily evoked flexor responses, a 
strong pricking of the soles may produce what 
Riddoch called the “coitus reflex’’ with con- 
traction of the abdominal muscles, extension 
of the lower extremities, and erection of the 
penis. We have observed that characteristi- 
cally during this reflexly induced erection the 
cremaster muscles contract with elevation of 
the testicles and the muscles of the bulb may 
be felt to contract. However, the glans and 
corpus spongiosum never have been found to 
become as turgid or to persist in an erect con- 
dition so long as do the corpora cavernosa, and 
the penis seems more ballooned up by a sud- 
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den influx of blood rather than actually erect 
in the usual sense. We have never observed 
the emission of semen, and upon extensive 
questioning of the patients we found that it 
is the exceptional patient who has seen that 
phenomenon. Occasionally semen-like ma- 
terial in small quantity may be seen at the me- 
atus around the catheter, or the patient may 
report that he has seen a quantity of white 
ropey material in the freshly passed urine. 
Those few patients admitting masturbation 
report the failure of any seminal emission. 
Nocuous stimuli to the erect penis produces 
a prompt return of the organ to the flaccid 
state. 

It is commonly stated that perspiration 
does not occur below the level of a complete 
lesion, yet we have many times seen such pro- 
fuse, dripping perspiration over the buttocks 
and thighs with lesions as high as the fourth 
thoracic as to be a threat to the development 
of macerated skin and of decubiti. These 
same facts were described in detail by Head 
and Riddoch. We have further observed, es- 
pecially in the upper thoracic lesions, that a 
full bladder, just before its automatic evacu- 
ation, or a bowel distended by an enema, may 
produce an extensive flush of the body above 
the lesion, headache, perhaps nausea, “‘goose- 
flesh”’ on the skin of the lower extremities, and 
finally, on evacuation, a return to a normal 
color of the skin of the face, neck, and arms, 
with the sudden appearance of beads of sweat 
over the thighs and trunk (Davis and Martin, 
1, 3). Rarely with a lesion at any level have 
we found the ankles or feet to show more than 
a minimal amount of perspiration. In many 
patients these same visceral responses may fol- 
low strong stimuli that produce flexor activ- 
ity, such as pricking of the soles of the feet. 
We have found that after the first 8 or 10 days, 
during which the bowels are usually consti- 
pated, manipulations of the lower extremi- 
ties, bathing the patient, or changing his po- 
sition may result in the sudden evacuation of 
the bowels. As the months wear on, however, 
the bowels develop a tendency to either spon- 
taneous evacuation or evacuation after ene- 
mas or digital stimulation of the rectum, but 
in any case with a decreasing tendency to take 
part in the generally heightened reflexes. The 


visceral reflexes tire easily, more readily than 
those of the striated muscles, but they are 
equally sensitive in the resting patient. Giv- 
en a patient who has been lying quietly in bed 
without even the stimulation of covers touch- 
ing his exposed skin, the slightest touch on the 
thigh or groin may cause a spurt of urine, 
whereas a series of such minimal stimuli are 
usually necessary to evoke a notable response 
of the muscles of the lower extremities. 

Of the present group of 490 patients, 372 
were patients with cord injuries, and 118 with 
injuries of the cauda equina. Of the 372, 80 
patients had injuries of the cervical cord, and 
292 were patients with thoracic cord injuries. 
Every one of these 372 patients had, during 
some period of his record, some degree of 
spasm in the lower extremities following the 
first few days or weeks of decreased reflex ac- 
tivity. By no means was the spasm of such 
degree as to cause the patient concern or re- 
quire treatment in all the patients. 

In the vast majority of these patients ade- 
quate nursing care, well directed physical 
therapy and the maintenance of the general 
physical well-being of the patient (especially 
by the avoidance of a septic bladder and bed 
sores) have kept the patients comfortable and 
allowed them to be sufficiently mobile to per- 
mit some mechanical aid to ambulation, be 
it a wheel chair, crutches, or braces. The nu- 
tritional care of the patient must not be lost 
sight of in the strenuous program of physical 
therapy. 

The treatment of these patients whose con- 
dition demanded relief of the spasm has been 
either medical or surgical, or in some instances, 
both. In general, the use of the common sed- 
atives, as bromides, has not affected the hy- 
peractive reflexes. Curare in its various forms 
has been used on a considerable number of pa- 
tients but as yet a prolonged effect and the 
avoidance of undesirable side effects have not 
been attained. Posterior rhizotomy, as well 
as the intrathecal injection of alcohol, have 
been used in isolated instances without effect 
before the patients came under present study. 
In those patients having been treated by pos- 
terior rhizotomy, no untoward effects on the 
skin of the affected segments have been no- 
ticed. Anterior rhizotomy as high as the tenth 
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thoracic inclusive, performed in 17 patients, 
has been uniformly successful when applied 
over a sufficiently great enough number of seg- 
ments, but the operation has been studiously 
avoided until it was established beyond doubt 
that the lesion was complete. It has not al- 
ways been easy to isolate the anterior from 
the posterior roots at time of operation, nor 
has it always been a simple matter accurately 
to identify the segments. This is especially 
true when the injury is at the spinal levels of 
the eleventh and twelfth thoracic and first 
lumbar. In 2 patients the scarred proximal 
and distal ends of the severed cord have been 
freshly resected with the local removal of all 
irritating factors, such as abnormal vascular 
ingrowths, bone fragments, ligamentous cic- 
atrix, and callus, but without prolonged or 
noticeable effect. Some patients, suffering pre- 
dominately from adductor spasm, and in 
whom the tendency for the lower extremities 
to cross has been a real impediment to their 
otherwise possible ambulation, have had im- 
mediate relief with an improvement in their 
use of canes, crutches or braces following the 
bilateral section of the obturator nerve, as ap- 
proached through the lateral reaches of the 
space of Retzius. Walking is not interfered 
with by this procedure, which has been per- 
formed in 22 patients. There is a smaller 
group of patients who, after months of de- 
formity by severe flexor-adductor spasm, are 
not relieved by anterior or posterior rhizoto- 
my because of tendon contractures. These 
patients are treated by tenotomy at the in- 
volved joints. 

One may safely assume that Sherrington, 
Riddoch, and even earlier observers believed 
that the heightened reflex activities of the cord 
are due to the release of the isolated segment 
from cortical control, and in a sense, to the re- 
duction of that isolated segment with the var- 
ious components of its reflex arcs to a low- 
ered phylogenetic status. All these earlier au- 
thors are less committal as to the cause of the 
first stage, that of depressed reflex activity. 
Scarff and Pool have recently shown why they 
believe that the spasm may be due to local ir- 
ritation from cicatrix at the level of the lesion. 
It is certain that a viable cord segment must 
exist for the full exercise of the reflex arcs, 
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however “abnormal”’ the reflexes may appear. 
But as has been pointed out, reflexes of the 
same severity, persistence, and bizarre pat- 
tern have been seen in those patients with 
cords crushed with loss of function and main- 
tenance of gross anatomical continuity as in 
those with proved complete transection. Fur- 
thermore, it has not been found that clean sur- 
gical resection of the scarred stumps has a fa- 
vorable effect for more than a few hours or 
days, if at all. 

Studies of the isolated cord segments made 
by us in experimental animals have revealed 
nothing more significant than the expected 
degeneration of the descending pathways. 
What is lacking is our knowledge of the his- 
tological alterations in the motor end plates, 
internuncial neurones, and the sensory nerve 
endings, at the various stages from the time of 
injury to the time of full development of the 
hyperactive reflex state. We lack, too, the 
knowledge of what certainly must be biochem- 
ical changes in these structures, especially at 
the myoneural junction. If it were only a mat- 
ter of release from cerebral control we would 
not have the good evidence of progressive his- 
tological and chemical change in the reflex arc 
as evidenced by the changes in the reflex state 
over a period of months. 

Riddoch’s meticulous and detailed descrip- 
tion of his patients indicated his feeling that 
there is a constancy of reactions in both the 
complete and incomplete lesions. Quite on 
the contrary, this study has emphasized the 
great variability of the type, date of onset, se- 
verity, and the characteristics of the altered 
reflex states from one patient to another. It 
has not been possible to rely upon any one of 
the characteristics of the reflexes for purposes 
of diagnosis or prognosis, except to feel that 
the flexor-adductor reaction is characteristic 
of the complete lesion, whereas the extensor 
response is more often seen in the incomplete 
lesion, there being frequent exceptions to this 
loose rule in both instances. 

The very facts that certain patients devel- 
op extremely little “spasm,” that some devel- 
op it very early and others very late, that 
some show extensor and other flexor responses 
with the same type of lesion, that the viscero- 
visceral reflexes are very marked in some pa- 
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tients, and that in some patients the spasm 
may spontaneously become greatly abated, 
as well as the fact that in the majority of pa- 
tients sepsis definitely increases the severity 
of spasm, indicate that the adaptability of the 
isolated cord and its attached peripheral 
mechanisms to its new independence varies in 
patient to patient, and that this adaptability, 
as indicated in the variety of responses, is a 
matter of intrinsic change, anatomical or 
chemical, or both, within the various parts 
of the arc. It is toward a knowledge of these 
changes that our attentions should be direc- 
ted, rather than solely to the observation and 


recording of the dramatic neurological changes. 


demonstrated by physical examination. 
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ATYPICAL ADYNAMIC ILEUS APPARENTLY CAUSED BY 


NUTRITIONAL (THIAMINE CHLORIDE) DEFICIENCY 


Report of Six Cases 


D. J. LEITHAUSER, M.D., F.A.C.S., Detroit, Michigan 


URING the past 5 years, I have ob- 
served 4 instances of severe abdom- 
inal distention, in which the clini- 
cal history, physical findings, and 

response to therapy strongly suggest that the 
adynamic ileus was caused by serious nu- 
tritional deficiency. These cases brought to 
mind 2 additional cases, observed earlier, 
with similar clinical courses, which had not 
been satisfactorily explained at the time of 
observation. Review of these 2 case records 
indicated that they belonged in the same 
group, which may represent a distinct clini- 
cal entity of special interest to surgeons, since 
the abdominal distention is so pronounced 
that acute intestinal obstruction is suspected. 

Four patients were chronic alcoholics. In 
3 instances, celiotomy was performed be- 
cause of the severe abdominal distention; in 2 
the condition was erroneously diagnosed as 
acute appendicitis, and in 1—on the basis of 
obstructive symptoms and the roentgenolo- 
gist’s report—the diagnosis was annular car- 
cinoma of the descending colon. In 1, pro- 
nounced distention developed on the fourth 
day after an operation for inguinal hernia. 
In the last 2 cases, no operation was per- 
formed, since the cause of the severe abdomi- 
nal distention was recognized as nutritional 
deficiency. Neither of these patients was an 
alcoholic, but the histories revealed that both 
of them had been on greatly restricted thera- 
peutic diets, one for biliary disease, and the 
other for weight reduction. 

CasE 1. A man, aged 41, was admitted to Dea- 
coness Evangelical Hospital on March 19, 1942. He 
was suffering with abdominal distress and disten- 
tion, diarrhea, pyorrhea, loss of appetite, and pains 
in the calves of his legs. He had had treatment for 
the diarrhea and pyorrhea for 3 weeks prior to ad- 
mission, without relief, and had lost 13 pounds in 
weight. Careful questioning revealed that the 

From St. Joseph Mercy Hospital. 
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“diarrhea” consisted of approximately 10 to 15 very 
small soft stools daily. 

Physical examination showed that the patient 
was emaciated, with a waxy pallor; there was a 
pronounced gingivitis, and considerable abdominal 
distention. The remainder of the physical examina- 
tion, including a sigmoidoscopic examination, yield- 
ed normal findings. Several examinations of the 
feces showed no ameba, mucus or blood. The X-ray 
diagnosis was “‘annular carcinoma of the sigmoid.” 

This diagnosis was questioned, since there was no 
occult blood in the stool. Attempts at decompression 
with the Wangensteen suction apparatus were made, 
but after 3 days, the abdominal distention was not 
relieved. An exploratory celiotomy revealed pro- 
nounced dilatation and engorgement of the descend- 
ing colon from the splenic flexure to the anus. The 
colon was thickened and edematous, and the veins 
were dilated. There was no evidence of tumor, con- 
striction or obstruction in any part of the left colon. 
The cause of this condition could not be determined 
at the time of operation. 

The day after operation, extensive palpable rales 
were present in both lung fields; the mucus was elimi- 
nated periodically by coughing in the standing posi- 
tion. The distention, which was present before the 
operation, became more pronounced, and could not be 
controlled. By the fifth postoperative day, the 
‘“‘pyorrhea” which had been present previously de- 
veloped into a severe generalized stomatitis. The 
patient also developed hallucinations. At that time, 
a more careful inquiry into his past history by ques- 
tioning a member of the family brought to light 
the fact that he had been a pronounced alcoholic 
before the onset of the present illness, although ex- 
cessive use of alcohol had not been admitted when 
the routine history was taken. This suggested a 
vitamin B deficiency as a possible cause of the dis- 
tention and stomatitis, and vitamin B complex was 
administered orally and parenterally. (However, 
the recommended dosage used at that time is not 
now considered adequate). During this same period 
prostigmine was administered intramuscularly sev- 
eral times daily. The response from this drug is 
immediate, but it produced no appreciable effect on 
the distention or on intestinal motility. Table I 
shows the record of the bowel evacuations before 
and after operation, and after the administration of 
vitamins and prostigmine. The delayed response 
suggests that it was the vitamin B complex, and not 
the prostigmine, that benefited the patient. 
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TABLE I.—RECORD OF BOWEL EVACUATIONS 
BEFORE AND AFTER OPERATION (CASE 1) 
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This patient’s history of distention and 
diarrhea, with loss of strength and weight, 
supported a medical diagnosis of cancer, which 
was confirmed by roentgenographic findings 
interpreted as indicating annular carcinoma 
of the sigmoid flexure. Since this was the 


first case of this type encountered, there was. 


no suspicion that the distention might be 
related to a nutritional deficiency, especially 
since excessive use of alcohol had been denied. 
The fact that before the onset of gastroin- 
testinal symptoms the patient had been drink- 
ing heavily was not learned until 5 days after 
the operation. 


Case 2. An Italian, aged 41, on September 21, 
1942, was sent to the hospital by his physician be- 
cause of generalized abdominal distress, which had 
appeared about 24 hours previously. Examination 
revealed that the abdomen was grossly distended 
and tense. The tension was so great that it was im- 
possible to determine the degree of muscular rigid- 
ity, if any. The blood count showed 9,700 leucocytes; 
the differential count was 90 per cent polymorpho- 
nuclears, 8 per cent lymphocytes, and 2 per cent 
monocytes. 

A provisional diagnosis of ruptured appendix was 
made, and an exploratory celiotomy was performed. 
The small bowel was tremendously distended, ede- 
matous, and congested; there was no fluid in the 
peritoneal cavity, and the appendix was not readily 
accessible without producing undue trauma. There- 
fore, an adequate exploration could not be made. 
The abdomen was closed with a small soft rubber 
drain in the right pelvis. 

After operation, the abdominal distention became 
more intense, despite continuous use of a Wangen- 
steen suction apparatus. The patient became irra- 
tional with muttering delirium periodically, and had 
to be restrained. There was no evidence of infection, 
since the temperature did not rise above 100 degrees 
F., there was no drainage from the wound, and a 
small soft stool was evacuated. No attempt was 
made to institute ambulation because of the tre- 
mendous abdominal distention and serious morbid- 
ity of the patient; however, in-bed exercises (con- 
traction of voluntary muscles) were carried out 
systematically between periods of delirium. 

In view of the similarity of the clinical picture to 
that which had been observed previously in Case 1, 
a more thorough investigation was made on the 
second postoperative day in regard to the patient’s 
consumption of alcohol. Although, when the history 
had been taken originally, he had stated that he 
drank only moderately, specific inquiry as to the 
amount consumed indicated that he had been dis- 
posing of several quarts of red wine a week, a case 
of beer each week-end, and some whiskey daily for 
a period of several years. These data furnished a 
basis for suspecting a nutritional deficiency, and 
thiamine chloride (50 mgm.), 1 ampule of vitamin 
B complex, and 100 milligrams of ascorbic acid were 
administered parenterally, along with prostigmine. 

Some improvement was evident the following day. 
The patient passed some flatus, but the distention 
did not decrease materially until 48 hours after the 
administration of the thiamine chloride, other vita- 
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mins and prostigmine. He then became ambulatory, 
and improvement was rapid. (Since, as in Case 1, 
the response was gradual, rather than immediate, 
it seems probable that relief of the distention cannot 
be attributed to the prostigmine, which at first was 
administered every 2 hours for 2 doses and there- 
after in a dosage of 1 ampule daily.) By the fourth 
postoperative day, the distention was almost com- 
pletely relieved, the patient became rational, and 
his general improvement was striking. There was no 
discharge from the wound, and the drain was re- 
moved. He was discharged, ambulatory, on the 
eighth postoperative day, and his general condition 
continued to improve. 

This case recalled the experience described 
in Case 1. The presence of uncontrollable dis- 
tention in this instance led to the suspicion of 
a nutritional deficiency, and this was sub- 
stantiated by eliciting a definite history of 
alcoholism. Since the appendix was not re- 
moved and there were no discharge through 
the drain and no later evidence of a localized 
abscess, and since the patient recovered com- 
pletely and has remained well, it would seem 
probable that the nutritional deficiency ac- 
counted for both the preoperative and post- 
operative distention. 

CasE 3. An Italian, aged 64, with a typical “‘beer- 
belly” type of obesity, drank approximately 1 case 
of beer every week and about 2 glasses of wine daily. 
He had been well until 3 weeks before admission, 
when he developed a left inguinal hernia. 

The patient was advised to discontinue taking 
alcohol for 1 week, and then a herniorrhaphy was 
performed. He was ambulatory after operation. 
Pronounced abdominal distress and distention de- 
veloped on the second postoperative day, and Wan- 
gensteen suction was instituted. This afforded some 
relief, but the distention could not be adequately 
controlled. The patient was out of bed at frequent 
intervals for coughing, and expectorated some mucus 
on these occasions for several days. Decompression 
was discontinued on the sixth postoperative day, 
and the patient began to take some nourishment. 
He improved gradually and was dismissed on the 
twelfth day after operation. 

Although this patient was observed in Jan- 
uary, 1942, before the experience with Cases 
1 and 2, and hence vitamin deficiency was not 
suspected, it seems probable that the severe 
postoperative distention in this instance was 
due to a nutritional deficiency secondary to 
chronic alcoholism. With ambulatory treat- 
ment and other supportive measures, the 
condition was brought under control. Sev- 
eral months later, vitamin B complex was 
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prescribed for this patient, with considerable 
improvement in his general health. 


CasE 4. A man, aged 52, was admitted to the 
hospital on January 7, 1938, with a diagnosis of 
acute appendicitis. He had been well until 4 days 
previously, when he developed abdominal discom- 
fort and distention, with tenderness over the right 
lower quadrant. The patient took a laxative, which 
initiated a “diarrhea.”’ On previous occasions he 
had also had frequent small soft stools. He finally 
consulted a physician who advised hospitalization 
and operation. On examination, the abdomen was 
considerably distended and tympanitic; there were 
no masses or scars, but there was tenderness over 


. the right lower quadrant. 


Appendectomy was performed by my associate. 
The appendix was retrocolic, bound down with very 
dense adhesions, and was removed with considerable 
difficulty, because of the distention. A small soft 
rubber drain was inserted. Pathologic examination 
of the appendix showed catarrhal changes, edema 
and congestion, evidently not the cause of the pa- 
tient’s complaint. 

After operation, abdominal distention became pro- 
nounced, and Wangensteen suction was instituted. 
The patient was irritable, restless, and complained 
of abdominal distress. Parenteral fluids were ad- 
ministered, as indicated. However, he became in- 
creasingly restless, irrational, and eventually vio- 
lently delirious (typical alcoholic delirium). Abdom- 
inal distention could not be controlled at any time 
by decompression. 

After the appearance of the typical delirium tre- 
mens, members of the family admitted that the 
patient had been a chronic alcoholic for years. Since 
this patient was treated before early ambulation 
was routinely used in the management of surgical 
cases, he was placed in shackles to keep him in bed. 
(Out-of-bed exercises, however, probably would 
have been helpful.) His clinical course was steadily 
downward, with progression of abdominal disten- 
tion to paralytic ileus, increasing delirium, and 
finally death. 

At autopsy, there was gross abdominal distention, 
but careful dissection of the operative field showed 
that the operation was “‘ideal from the standpoint 
of surgical and gross anatomical pathology.”’ The 
pathologist’s diagnosis was: adynamic paralytic 
ileus; early portal cirrhosis of the liver; terminal 
hypostatic pneumonia. 


This case was observed several years before 
Cases 1 and 2, and before early ambulation 
was used routinely; it was not suspected at 
that time that a nutritional deficiency played 
any part in causing the adynamic ileus. After 
the experience with the other patients, how- 
ever, this case was recalled and reviewed, and 
it would appear in retrospect that this patient 
belongs in the same group. The diarrhea and 
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distention before operation, the anomalous 
findings in the appendix, the uncontrollable 
distention and delirium after operation, the 
history of alcoholism and postmortem evi- 
dence of liver damage, all point to this con- 
clusion. If this entity had been recognized at 
that time, in all probability no surgery would 
have been performed; in case operation had 
been performed, if present methods of man- 
agement had been used—that is, early ambu- 
lation and administration of thiamine chloride 
—it seems probable that the fatal outcome 
might have been averted. 


CasE 5. A woman, aged 53, was admitted to the 
hospital on November 2, 1945. For about a year 
before, she had been having attacks of epigastric 
abdominal pain which occurred at irregular inter- 
vals and had been relieved by codeine. Before the 
onset of these attacks, her diet had been varied and 
well balanced. Five months before admission, her 
physician made a diagnosis of biliary colic and ad- 
vised her to go on a diet, excluding meat, almost all 
vegetables, all highly seasoned food, butter, gravy, 
fats, and coffee. Her diet was limited chiefly to toast, 
tea, milk and ice cream. The only other foods she 
ate were carrots, pie, cake, cookies, apples and pears. 
After about 5 months on this regimen, she had an 
attack of abdominal distress, and ate very little 
during the following week. During this period, 
abdominal distention developed, and the patient 
was hospitalized. Wangensteen suction with the 
Levine tube was instituted and she received glucose 
in normal saline solution parenterally. For the fol- 
lowing 15 days, she was unable to take food. Despite 
the Wangensteen suction and use of enemas, the 
abdominal distention increased; this was associated 
with much discomfort, but no pain. She passed 
small soft stools nearly every time she urinated 
(about four or five times a day). 

The roentgenologic findings were atypical, and 
the roentgenologist’s opinion was somewhat indefi- 
nite and inconclusive. On November 12, 10 days 
after admission, the report was as follows: ‘‘The 
examination of the stomach reveals a mottling or 
nodulation of the barium within the stomach as a 
result of a large amount of fluid. The same condi- 
tion is found in the small intestines. The barium 
passed through the esophagus without visualizing 
any abnormality. The stomach was fish-hook in 
formation and hypotonic; in fact, atonic. A large 
amount of fluid is within the stomach and the patient 
has tenderness above and medial in the epigastrium. 
The duodenal bulb showed a normal contour. There 
was practically complete retention at 5 hours. The 
barium enema passed through the whole length of 
the colon without visualizing any evidence sug- 
gestive of obstruction or neoplasm. A large amount 
of barium passed through the ileocecal valve, and 








SURGERY, GYNECOLOGY AND OBSTETRICS 


we note that there is also some barium within the _ 
stomach at 24 hours. Conclusions: The patient ap- 
parently has a gastric ulcer close to the pylorus 
with evidence of gastritis. A supplementary report 
will follow later.” 

Following is the verbatim report of the supplemen- 
tary study, on November 15. 

“The review of the films and further study of the 
gastrointestinal tract would suggest the following: 
On the films we note a crater close to the pyloric 
end of the stomach which we believe is due to a 
duodenal ulcer. But we are not able, from the films, 
to account for the retention of the stomach at 5 hours 
and 24 hours, and would suspect that there would be 
an obstruction at the pylorus or duodenum. But 
we fail to find a definite obstruction. We also note 
that the small intestines are distended; in fact, over- 
distended, suggesting the possibility of obstruction 
in the terminal ileum. But it was impossible to get 
a very good visualization of the small intestines. On 
the large intestines we note that there is no dilata- 
tion and that the descending colon is rather spastic. 
There is also irritability of the transverse colon. 
Summing up the case, one would be suspicious that 
there may be an obstruction at the terminal ileum 
or that this may be a metabolic disturbance similar 
to a dietary deficiency. Still I am not able to get 
away from a possible organic lesion in the terminal 
ileum.” 

Two days after this second roentgenologic report 
(November 17), I was called in consultation to con- 
sider the advisability of surgical intervention, since 
the physician assumed that the condition was due 
to intestinal obstruction, even though the roent- 
genologist had mentioned the possibility of a nutri- 
tional deficiency. After a more careful and complete 
history was obtained, which, along with the pro- 
nounced intestinal distention, distress but no pain, 
and several small soft stools daily, presented a 
picture similar to that of Case 1, a diagnosis of vi- 
tamin deficiency was made. At that time, the serum 
albumin was 3.2 and the serum globulin, 4.6. 

Treatment for the nutritional deficiency was in- 
stituted immediately. This consisted of thiamine 
chloride, 100 milligrams intravenously, 1 ampule 
of solu-B, intramuscularly, and amino acids, in- 
travenously. A siphon suction unit (12) with the 
Cantor tube (3) was introduced for intestinal de- 
compression. This was removed 2 days later, when 
another roentgenologic study revealed no evidence 
of any gaseous distention anywhere in the gastro- 
intestinal tract, either in the flat or upright films. 

Five days after treatment was instituted, the 
patient’s condition was greatly improved; disten- 
tion had disappeared, there was no vomiting, she 
tolerated food well, and was ambulatory. The se- 
rum albumin was 5.6 and the serum globulin 2.2. 
The patient left the hospital 10 days after vitamin 
therapy was started (November 28), completely 
well. She received detailed instruction regarding a 
high-vitamin, high-protein diet. She has followed 
this and has had no recurrence of symptoms. 
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In this instance, although the patient was 
referred for surgical treatment for a supposed 
intestinal obstruction, the cause of the symp- 
toms was recognized as nutritional deficiency 
which had produced an adynamic ileus, and 
no operation was performed. The patient’s 
response to thiamine chloride and _ protein 
therapy was striking, and, with correction of 
her diet, she has remained completely well. 


Case 6. A man, aged 53, consulted his physician 
for an annual health examination. He had com- 
plained of no illness, but was overweight. After a 
complete examination, including an electrocardio- 
gram and roentgenologic study of the gastrointestin- 
al tract and gall bladder, and a sigmoidoscopic ex- 
amination, all of which yielded normal findings, his 
physician recommended a restricted diet for weight 
reduction. The patient followed this diet for several 
weeks, but was not satisfied with the rate of weight 
loss and so restricted his diet to the following: 
breakfast, 1 slice toast, orange or grapefruit, black 
coffee; luncheon—meat, fresh fruit; dinner—meat, 
vegetables including only lettuce, spinach, carrots 
and peas, and canned fruit. 

On this diet, which was extremely deficient in 
variety, he lost approximately 20 pounds in 2 
months. During this period, he tired easily and felt 
exhausted most of the time. He felt that he was not 
so keen mentally, was irritable, and suffered from 
pains in the calves of the legs. His abdomen became 
bloated and distended and bowel evacuations 
occurred two or three times a day, but these did not 
relieve the distention. Finally, the distention in- 
creased enormously and respiration was embar- 
rassed; at this point the patient became alarmed and 
consulted me. Except for the tremendous abdominal 
distention, physical examination revealed nothing 
abnormal. Although the patient complained of con- 
siderable distress, there was no belching, passing 
of flatus or actual pain. Since a health examination, 
including a complete gastrointestinal and gall-blad- 
der roentgenologic study and a sigmoidoscopic ex- 
amination had recently been made, it was concluded 
that this patient was suffering from an acute adynam- 
ic ileus on a nutritional basis (thiamine deficiency). 
Thiamine chloride, 100 milligrams was administered, 
and repeated in 4 hours; this regimen produced com- 
plete relief in 12 hours. The injections were con- 
tinued daily for several days, and the nervous symp- 
toms, leg pains and irritability disappeared com- 
pletely. Bowel evacuations decreased to one a day. 
The patient received dietary instruction and thera- 
peutic doses of vitamin B complex orally. His gen- 
eral health has remained excellent, with no recur- 
rence of gastrointestinal symptoms. The patient 
says that he feels by far more alert and has never 
been more fit in his life. 


In this instance, as in Case 5, the cause of 
the severe abdominal distention was recog- 





LEITHAUSER: ATYPICAL ILEUS FROM NUTRITIONAL DEFICIENCY 547 


nized after a dietary history was obtained. 
Response to administration of thiamine chlo- 
ride was prompt and spectacular. 


DISCUSSION 


Despite the enormous number of clinical 
and experimental studies on nutritional de- 
ficiencies that have been reported during the 
last few decades and the increasing precision 
of knowledge concerning them, it would appear 
that numerous clinical problems associated 
with these disorders remain to be elucidated. 
So far as could be ascertained by a search of 
the Quarterly Cumulative Index Medicus for 
the past several years, the exact clinical syn- 
drome here described has not been previously 
reported, even though the recognition of di- 
gestive symptoms as a phase of vitamin B 
deficiency has been well established clinically 
and roentgenologically (5,9, 19). In previous 
reports, however, there has been no emphasis 
on the fact that severe and uncontrollable 
abdominal distention,’ which might lead to 
erroneous surgica) diagnoses and needless 
operations, may be the result of vitamin B 
deficiency. 

The roentgenologic studies made by Golden 
(5, 6, 13) have stimulated interest in the rela- 
tionship of vitamin deficiency to intestinal 
motility (1, 2, 7, 8, 10, 15, 18) and the so called 
“deficiency pattern” of the small intestine is a 
fairly well defined radiologic entity. However, 
as Golden (5) has emphasized, the roentgeno- 
logic findings are not constant and appear to 
vary with the severity and duration of the 
nutritional disorder. In earlier, less advanced 
stages, the barium passes rapidly through the 
jejunum, reaching the lower part of the small 
intestine in 15 minutes and entering the cecum 
in less than half an hour; the lumen is reduced 
to one-half or even one-fourth its normal 
width. In more advanced stages, movement 
of barium through the intestine is slow, and 


1In retrospect, it is my impression and that of numerous sur- 

geons with whom I have discussed the problem, that immediately 
after the first World War, abdominal distention and adynamic 
ileus were much more common and troublesome complications in 
surgical cases than they have been in recent years. In fact, it 
was to meet this problem that the Wangensteen suction ~ 
tus for decompression of the intestinal tract was developed. 
though undoubtedly some of the decreased incidence of ady a 4 
ileus can be attributed to more general use of mechanical decom- 
pression and improved surgical technique, it is possible also that 
it is due in part to improved nutrition and the widespread use of 
supplementary vitamins by the general public. 
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the lumen may vary from normal to more than 
twice normal width. Dilated loops are char- 
acteristically seen in well advanced stages, 
which are usually designated clinically as non- 
tropical sprue. There is abnormal segmenta- 
tion owing to areas of spasm of variable 
length, sometimes completely expelling the 
opaque material from the contracted area, 
giving the impression of a discrete mass. A 
scattering effect may be caused by small ir- 
regular masses of barium left behind as the 
main mass of barium passes along. In more 
advanced stages, gas and fluid levels on plain 
abdominal roentgenograms may suggest the 
possibility of ileus. The most marked and 
persistent changes are localized in the middle 
third of the small bowel. 

Not all patients with clinically diagnosed 
vitamin B deficiency show the roentgenologic 
changes in the intestine; and conversely, the 
typical roentgenologic changes have been ob- 
served in patients in whom vitamin B defi- 
ciency was not confirmed clinically (15). Dis- 
turbances of the digestive tract associated 
with vitamin B deficiency cause a variety of 
symptoms, so the clinical picture is not con- 
stant. The main features of the syndrome de- 
scribed by Lepore and Golden are malnutri- 
tion, a flat oral dextrose tolerance curve, an 
abnormal roentgenologic pattern in the small 
intestine, and gastrointestinal symptoms in- 
cluding flatulence, pain, diarrhea (in 25 per 
cent) and constipation. (In this series, mal- 
nutrition was a prominent feature only in 
Case 1.) Brown and Trowell have reported a 
syndrome they have seen in Polish refugees, 
and in African and Indian adults and children, 
in which the roentgenologic picture is similar 
to that described by Golden, and the symp- 
toms suggestive of pyloric obstruction. In 
their cases, great gaseous distention of the 
colon was common. This syndrome responds 
to administration of whole vitamin B com- 
plex. Heilig has reported that a high percent- 
age of hospital beds in Mysore, India, are 
occupied by patients, mostly young or middle- 
aged women, with chronic diarrhea of a few 
weeks’ to 2 years’ duration. After the exclu- 
sion of true dysenteries, a certain group have 
glossitis, loose stools 5 to 8 times daily, con- 
taining substantial amounts of mucus and 
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starch granules, but no fat. In cases of long . 
standing, symptoms of colitis become promi- 
nent. Hypochromic anemia belongs with 
this condition, increasing with duration. None 
of the patients showed typical signs of pellagra 
and none had fatty stools of sprue-like char- 
acter. Nevertheless, many responded sur- 
prisingly quickly to nicotinic acid, although 
refractory to routine treatment. 

These few reports are cited to show that 
the digestive symptoms accompanying vita- 
min B deficiencies are not constant, and may 
manifest themselves in various syndromes. 
Numerous extrinsic and intrinsic factors 
apparently account for this variability, which 
is dependent both on the lack of particular 
food factors, individually or in combination, 
and the duration of the deficiency; and on in- 
dividual metabolic differences in ability to 
utilize them, which, in turn, are influenced by 
various acute and chronic diseases. As Kiefer 
has stated, “‘vitamin deficiencies, particularly 
those involving the vitamin B complex group 
of vitamins, can profoundly impair digestion 
and absorption of essential food elements, 
including carbohydrate, protein, and fat. 
Since malabsorption further diminishes the 
subject’s vitamin intake, a vicious circle is 
established.” In sprue and related condi- 
tions—such as Herter’s infantilism, Gee’s 
disease and idiopathic steatorrhea—the basic 
disturbances apparently are related to fat 
metabolism. In the syndrome described by 
Heilig, the basic disturbance apparently was 
related to utilization of carbohydrate. In at 
least one of the cases reported here (Case 5), 
there was evidence of a disturbance in protein 
metabolism. These facts indicate that the 
metabolism of any or all of the essential food 
materials may be impaired by vitamin B 
deficiency, since all these conditions respond 
to administration of vitamin B complex or 
one of its components. 

As Golden (5, 6) has pointed out, the intra- 
mural nervous system is the most probable 
medium through which nutritional deficiency 
affects the intestinal tract. Essentially the 
same type of radiologic pattern of the in- 
testines as that found in well advanced defi- 
ciency states is present in normal newborn in- 
fants, which, after 3 or 4 months, is replaced 
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by the usual adult pattern. This change is 
probably due to evolution of the incompletely 
developed nervous control of the intestine. 

Experimentally, it has been demonstrated 
(17) that cholinergic nerves liberate not only 
acetyl choline but also thiamine, when stimu- 
lated, and that thiamine increases the effect of 
acetyl choline on the intestine and circulatory 
apparatus of the cat. Chemically, acetyl 
choline and thiamine chloride are closely re- 
lated compounds, and hence may function 
synergistically. It seems probable that these 
facts furnish clues as to the mechanism of pro- 
duction of adynamic ileus in the presence of 
thiamine deficiency, and as to the striking 
therapeutic response to administration of 
thiamine chloride parenterally. 

In the cases in this series, the characteristic 
pathologic changes encountered were edema 
and thickening of the intestinal walls, with 
engorgement of the blood vessels. In fatal 
cases of deficiency disease, in which roentgeno- 
logic changes have previously been demon- 
strated in the intestine, atrophy of the tunica 
muscularis and mucosa, edema, round cell 
infiltration and fibrosis of the submucosa, and 
ulceration have been described (5). 

The type of pathologic changes in the in- 
testine, and the variety of gastrointestinal 
symptoms that have been described in defi- 
ciency states, suggest that it would be wise to 
suspect a nutritional disturbance in any case 
in which the digestive symptoms, clinical and 
radiologic findings seem atypical or anoma- 
lous. It might be, in this way, that the etiolo- 
gy of certain obscure gastrointestinal condi- 
tions might be elucidated. It may even be 
justifiable to raise the question whether nu- 
tritional deficiency may play a réle in the 
causation of at least some cases of so called 
nonspecific regional enteritis, especially in view 
of Owen’s (14) recent pathologic study, which 
showed neuromuscular hyperplasia as a char- 
acteristic feature of this condition, not pre- 
viously reported by others. 

Owing to the unscientific and unscrupulous 
propaganda and advertising concerning vi- 
tamins by certain drug manufacturers, many 
medical men have taken an extremely cautious 
attitude toward the use of vitamins, and hesi- 
tate to designate any condition as caused by 
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nutritional deficiency unless the characteristic 
lesions of well advanced stages of the deficien- 
cy are present. This attitude seems scarcely 
justifiable in the present state of our knowl- 
edge concerning these conditions, because of 
the variability of the manifestations in so 
called subclinical deficiency states and the 
constant descriptions of “‘atypical syndromes” 
responding to vitamin and nutritional therapy. 

In the absence of the so called characteristic 
lesions, the response to therapy must be 
accepted as significant evidence that a nutri- 
tional disturbance is the cause of particular 
symptoms. Of the patients here described, 
whose symptoms of adynamic ileus were 
dramatically relieved by administration of 
thiamine chloride and vitamin B complex, 
only one (Case 1) had the characteristic sto- 
matitis of vitamin B deficiency; furthermore 
stool examinations in 2 cases failed to reveal 
any evidence of steatorrhea, which is char- 
acteristic of the advanced vitamin B deficien- 
cy known as the sprue syndrome. 

It may be that the syndrome here described 
is more likely to occur in patients who have 
some liver damage. This supposition is 
strengthened by the facts that it has been dem- 
onstrated that thiamine deficiency is more 
frequent in patients with liver disease (4), and 
that 4 of the 6 patients were chronic alco- 
holics, another was obese, and the sixth pa- 
tient was under treatment for biliary disease. 

The history is probably the best clinical 
guide in making a preliminary diagnosis of 
dietary deficiency—although the original his- 
tory obtained may often be misleading. Few 
persons who drink large quantities of alco- 
holic beverages believe that they imbibe to ex- 
cess, so an alcoholic history may be difficult 
to obtain unless specific questions are asked 
to elicit this information. Dietary idiosyncra- 
sies also are not reported voluntarily, since 
patients who have them regard them as nor- 
mal. Hence, whenever a nutritional deficiency 
is suspected, a careful dietary history must 
be taken. As Spies has found, nutritional de- 
ficiencies are to be suspected in persons whose 
diets have been inadequate; in persons whose 
utilization and absorption of nutrients seem 
impaired; in chronic alcoholics, and in those 
with dietary idiosyncrasies. 
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SUMMARY 

The cases of 6 patients with adynamic ileus 
with severe abdominal distention are reported, 
to call attention to the fact that symptoms 
suggesting the presence of intestinal ob- 
struction and leading to erroneous diagnoses 
and unnecessary opérations may be caused by 
thiamine chloride deficiency. In these cases, 
the distention was not controlled by mechani- 
cal decompression or administration of pro- 
stigmine, but responded dramatically to ad- 
ministration of thiamine chloride and vitamin 
B complex. 

In the first case in which the condition was 
recognized as resulting from vitamin deficien- 
cy, the patient had a sore mouth which di- 
rected attention to this possibility, and spe- 
cific questions brought to light a history of 
chronic alcoholism. In this instance, a pre- 
operative diagnosis of ‘annular carcinoma of 
the sigmoid” had been made on the basis of 
obstructive symptoms and the roentgeno- 
graphic findings, but no such lesion was found 
at operation. However, the abdominal disten- 
tion increased after operation and was not 
brought under control until vitamin therapy 
was instituted. The second patient, also an 
alcoholic, was subjected to celiotomy for 
“acute appendicitis,” but at operation there 
was so much intestinal distention that the 
appendix was not readily accessible and was 
not removed. When uncontrollable disten- 
tion continued after operation, the experience 
in the first case was recalled, and vitamin 
therapy was instituted, with equally striking 
results. 

These 2 cases brought to mind 2 earlier 
cases of severe adynamic ileus of the same 
type, and review of these records confirmed 
this impression, since both of the patients 
were alcoholics. In one, celiotomy was per- 
formed because of a mistaken diagnosis of 
acute appendicitis, but no pathologic evidence 
was found in the appendix to account for the 
symptoms. Adynamic ileus progressed after 
operation, with severe alcoholic delirium, to a 
fatal outcome. The fourth patient had de- 


veloped severe distention after an inguinal 
herniorrhaphy, but this patient recovered 
without the administration of thiamine chlo- 
ride. 









The last 2 patients were not alcoholics, 
but had been on greatly restricted diets—in 
one instance for biliary disease, and in the 
other for weight reduction. In these cases, no 
operation was performed, since nutritional 
deficiency was recognized as the cause of the 
distention, and response to administration of 
thiamine chloride and vitamin B complex was 
striking and complete. 

This experience suggests that nutritional 
deficiency should be suspected, and a thera- 
peutic trial of vitamins made, in cases of 
abdominal distention in which the evidence 
does not justify a positive diagnosis of me- 
chanical obstruction of the intestines. It 
suggests also that thiamine chloride should 
be administered at the time of operation to 
prevent postoperative distention, especially 
in patients whose nutritional status is at all 
questionable or in whom there is any suspicion 
of liver damage. 

It is now my routine practice to administer 
parenterally vitamin B complex with high 
thiamine content to all surgical patients the 
day before operation, and daily for 3 days af- 
ter operation. Since this has been done, post- 
operative distention has been almost entirely 
eliminated. 
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OBSERVATIONS ON THE USE OF GELATIN SPONGE IN 


CLOSURE OF EXPERIMENTALLY PRODUCED 


DEFECTS OF THE BRONCHUS 
C. ROLLINS HANLON, M.D., Baltimore, Maryland 


EALING of the bronchial stump is 
recognized as the most important 
factor in successful pulmonary re- 
section. Rienhoff, Gannon, and 

Sherman have stressed the importance of heal- 
ing at the end of the bronchus and have shown 
that satisfactory closure may be achieved in 
the dog by airtight approximation of the pleura 
overlying the bronchial stump. Taffel has 
shown that airtight closure of tracheal and 
bronchial defects by patching with free fascial 
grafts is associated with uniformly successful 
healing in the dog. The graft acts as a non- 
viable scaffolding around which the fibroblasts 
and mucosal cells rapidly reconstruct a new 
tracheobronchial segment. 

Since the primary problem is one of tem- 
porary airtight closure while natural repara- 
tive processes are at work, the use of an ab- 
sorbable material for sealing bronchial defects 
seems logical. The successful use of absorb- 
able agents for hemostasis has now become 
commonplace(4). With such a background, 
absorbable gelatin sponge has been used dur- 
ing this study in the closure of various defects 
in the bronchial tree of the dog. 

The behavior of gelatin sponge in living 
tissues has been intensively studied(2, 5). Its 
physical properties have been determined also, 
but I am aware of no published data on its be- 
havior when used as a barrier to the passage of 
air. Preliminary im vitro experiments showed 
that moist gelatin sponge was surprisingly re- 
sistant to the passage of air. It seemed prob- 
able that this material, if it could be kept 
apposed to an opening in the bronchus, would 
act as a suitable seal to prevent leakage of air. 
The procedures outlined in this study were 
designed to test this hypothesis in the living 
animal. 


From the Department of Surgery of the Johns Hopkins Univer- 
sity and the Johns Hopkins Hospital. 
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METHODS 


Mongrel dogs were used, varying in weight 
from 6 to 17 kilograms, with the average below 
10 kilograms. Diet consisted of dog biscuit 
and water. Procedures were conducted under 
endotracheal ether anesthesia, the lungs being 
inflated rhythmically by a machine while the 
pleural cavity was open. Silk technique was 
employed throughout. 

The gelatin sponge used was identical with 
that available commercially in strips 60 by 20 
by 7 millimeters. It was prepared for use by 
moistening in normal saline solution and ex- 
pressing the excess fluid before application as a 
patch. In no instance were sutures used to 
hold the material in position, reliance being 
placed solely on the action of the surrounding 
structures and the inherent adhesiveness of 
the material when moistened with saline and 
placed in contact with body fluids. 

Four groups of experiments were conducted: 

1. Test of ability of the material to resist 
passage of air im vitro. 

2. Partial transection of the bronchus to the 
left diaphragmatic lobe and covering the defect 
with gelatin sponge. 

3. Removal of a small segment from the 
ventral wall of the bronchus to the left dia- 
phragmatic lobe and covering the defect with 
gelatin sponge. 

4. Excision of the upper lobe of the left lung 
and covering the open end of the bronchial 
stump with gelatin sponge. 

All animal experiments were controlled by 
production of similar lesions not sealed by 
gelatin sponge. The operative areas were ex- 
amined bronchoscopically on many occasions. 
After certain periods had elapsed the animals 
were killed by an overdose of anesthetic agent. 
Water was poured into the opened chest, and 
the lungs were slowly inflated to a point where 
leakage of air occurred either from the opera- 
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tive area or from the normal lung parenchyma. 
Sections of all lesions were examined micro- 
scopically. 

1. In vitro experiments. Commercial gelatin 
sponge of standard size (60 by 20 by 7 mm.) 
was moistened with normal saline solution, the 
material was compressed between the fingers 
to express the fluid and then tied over the end 
of a glass tube in the fashion of a drumhead. 
With the covered end of the tube held under 
water, gradually increasing air pressure was 
applied within the tube until air escaped 
through the gelatin sponge. 

The tubing used was of three sizes, 3, 4, and 
7 millimeters inside diameter. With larger 
tubing it was difficult to secure an airtight seal 
when using the standard sized gelatin sponge. 
This material shrinks about 15 per cent on 
being treated in the manner described. 

There seemed to be no constant relation be- 
tween size of the tubing and the pressure at 
which leakage occurred. The average pressure 
required was 40 millimeters of mercury, with 
extremes of 18 and 80 millimeters of mercury 
in the 15 samples tested. These variations 
appear to be at least partially related to in- 
equalities in the pores of the gelatin sponge.An 
unusually large bubble in the material at the 
site of testing may reduce its thickness in the 
dry state from 7 millimeters to less than 3 
millimeters, and such a thin area might be 
expected to transmit air at a lower pressure. 

When leakage began it would continue de- 
spite reduction in pressure. Complete release 
of pressure and retesting after a short interval 
however, gave values as high as, or occasion- 
ally higher than the original figure. A variety 
of in vitro tests (such as behavior when mois- 
tened with serum or blood) suggest themselves, 
but these points have not yet been investigated. 

2. Partial section of bronchus to left diaphrag- 
matic lobe. The left chest was entered through 
the fifth intercostal space, exposing the bron- 
chus to the left diaphragmatic lobe. This was 
separated from the artery and a strip of mois- 
tened gelatin sponge placed behind it (Fig. 1). 
A transverse incision was then made through 
the ventral half of the bronchus, which gaped 
widely (Fig. 2). The two ends of the gelatin 
sponge were overlapped to cover this defect. 
Pressure was applied for about 15 seconds un- 


til the ends of the gelatin sponge became ad- 
herent by virtue of the blood which was lost on 
section of the bronchus. The nearby pul- 
monary artery also play: d an important réle 
in maintaining the position of the material 
(Fig. 3). No sutures were used. The chest was 
closed in the usual manner, excess air being 
aspirated through an intercostal catheter 
which was withdrawn before closure of the 
skin. 

Ten animals were treated in this fashion and 
all survived without complication until killed 
under anesthesia at from 1 to to weeks. 

Three dogs were used as controls. The first 
of these had undergone a left thoracotomy for 
another purpose some weeks previously, and 
there were many pleural adhesions. With a 
knife a 6 millimeter transverse slit was made 
in the ventral wall of the bronchus to the left 
diaphragmatic lobe, which gaped very slightly. 
No gelatin sponge was placed but continuous 
aspiration of the pleural space was employed 
during closure, and at frequent intervals in 
the ensuing hour. The animal required no fur- 
ther treatment and remained well until death 
from another cause a month later. Two ani- 
mals treated with a slightly more extensive 
partial bronchial section without gelatin sponge 
died promptly despite intensive aspiration. 

In the first instance it seems likely that 
aspiration prevented development of a fatal 
tension pneumothorax until adjacent pul- 
monary tissue sealed the bronchial opening. 
Adhesions from the previous thoracotomy may 
have exerted a favorable effect by preventing 
the customary gaping of what was admittedly 
an unusually small bronchial wound. 

The microscopic appearance of the repaired 
bronchus in animals killed at varying intervals 
after operation confirms previous studies on 
the healing of tracheobronchial defects. Pro- 
liferation of mucosal cells occurred rapidly and 
a complete but thin epithelial covering might 
be present in as little as 2 weeks. The meshes 
of the gelatin sponge were filled with red blood 
cells in the early stages. These were gradually 
replaced by macrophages which invaded the 
periphery and slowly removed the sponge. 

In general, absorption of gelatin sponge 
from around the bronchi was slow in compar- 
ison with its rate of disappearance when im- 
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HANLON: GELATIN SPONGE IN 





CLOSURE OF DEFECTS OF 


BRONCHUS 








Fig. 1. Showing separation of the pulmonary artery from 
the bronchus to the left diaphragmatic lobe. A strip of 
moistened gelatin sponge is being placed behind the 
bronchus. 


planted in such tissues as omentum or muscle. 
The structure of the material could still be 
seen in some specimens 60 days after operation 
although in other animals it was absorbed 
much more rapidly. There was ordinarily a 
minimal polymorphonuclear cell reaction. Sec- 
tions showed the sponge acting as a plug in the 
defect while mucosa grew over its internal sur- 
face and fibrous tissue invaded its meshes to 
reform the bronchial wall. 

A typical result is seen in the accompanying 
photomicrograph (Fig. 4a) showing that the 
gelatin sponge has covered the defect and 
fitted snugly into the space between the di- 
vided bronchial cartilages. In a view under 
higher magnification (Fig. 4b) one can see be- 
ginning epithelial growth at the margins but 
the gelatin sponge has not been covered after 
1 week. 

3. Excision of bronchial segment. Because of 
the survival of 1 control dog in the previous 
group it seemed that mere partial division of 
the bronchus was not a sufficiently severe test 
of the method. A second series was therefore 
studied in which a wedge-shaped section was 
removed from the ventral wall of the bronchus 
to the left diaphragmatic lobe. This section 
included half the circumference of the wall and 
measured up to 1 centimeter in width at the 
point of maximal separation (see insert in Fig. 
2). Three such control dogs died promptly of 
tension pneumothorax despite intensive aspi- 
ration as in the previous controls. 

In to dogs the defect was patched with 
gelatin sponge precisely as in the previous 





Fig. 2. With gelatin sponge in place a transverse slit has 
been made in the ventral wall of the bronchus to the left 
diaphragmatic lobe. Insert shows the larger opening after 
removal of a wedge from the bronchus. 


series, and g of these survived without com- 
plication. In 1 dog considerable difficulty was 
experienced in maintaining the gelatin sponge 
in place, but no fixation was used except the 
inherent adhesiveness of the material. As an- 
ticipated, a small leak developed at the edge 
of the material and death occurred after 3 days 
from an infected pneumothorax. It is again 
emphasized that in all these experiments no 
sutures were employed to fix the gelatin sponge 
in place. 

The microscopic appearance resembled that 
in the previous series, save that the defects 
were larger. Figure 5 shows a defect 2 weeks 
after operation with the mucosa completely 
but irregularly regenerated. Under the micro- 
scope cilia may be seen on the epithelium 
which is heaped up markedly in some areas. 
The gelatin sponge is being actively invaded 
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Fig. 3. Bronchus encased in airtight seal of gelatin 
sponge. Insert shows how the pulmonary artery holds the 
overlapped sponge in position over the defect. 
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Fig. 4a, Photomicrograph of bronchus 1 week after par- 
tial section and patching with gelatin sponge. Note mini- 
mal inflammatory reaction and complete sealing of defect. 
(The dark line is an artefact.) <6. 


by fibrous tissue and over its surface beneath 
the bronchial epithelium there is a_ well 
organized lamella of loose fibrous tissue. 

4. Lobectomy. Fifteen dogs were subjected 
to removal of the left apical lobe, the bronchial 
stump being covered by a gelatin sponge. De- 
tails of the procedure may be seen in Figures 6, 
7, and 8. Because of the incomplete fissure 
between apical and cardiac lobes, a segmental 
type of resection was usually necessary. After 
ligation of the vessels and division of the pul- 
monary tissue, the bronchus was severed 
cleanly without the use of clamps. The open 
stump was covered by a strip of gelatin sponge 





Fig. 5. Photomicrograph of bronchial defect 2 weeks after 
sealing by gelatin sponge. In the defect between the carti- 
lages is seen the gelatin sponge covered by connective tissue 
and irregular bronchial epithelium. X6. 


Fig. 4b, Higher magnification of Figure 4a. Epithelial 
growth has begun at the margins (a) but there is as yet 
no covering of the gelatin sponge. (The dark line is an 
artefact.) X10. 


slipped down on either side of the bronchus so 
that adjoining structures would prevent its 
displacement (Fig. 8). 

Thirteen dogs tolerated the lobectomy well. 
Nine of these were killed from 3 days to 17 
weeks after operation in order to study the 
healing process. Four are alive and well from 
3 to 4 months after operation. Two animals 
died of empyema on the third and seventh 
postoperative days. In the first of these an 
attempt was made to cover the open bronchus 
by simply laying the gelatin sponge in place on 
the opening. The rapidly fatal course due to 
leakage around the gelatin sponge showed this 
technique to be unsuitable and it was not 
tried again. The second death occurred after 
removal of the upper and middle lobes on the 
left, leaving insufficient surrounding tissue to 
keep the sponge in position. Two controls in 
which no seal was placed over the bronchial 
stump died promptly after operation as soon 
as continuous aspiration of the pleural space 
was discontinued. 

The manner of bronchial healing after clo- 
sure by various methods has been discussed at 
length by Rienhoff, Gannon, and Sherman. 
Bronchi closed by gelatin sponge would be 
expected to heal in much the same manner as 
those in which the pleura was simply drawn 
over the end of the bronchus. In the series of 
Rienhoff and his co-workers, the main bronchi 
were under treatment whereas in the present 
experiments only the bronchus to the left 
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Fig. 6. Bronchus to left apical lobe isolated after division 
of pulmonary artery and vein and separation of paren- 
chymal connection with cardiac lobe. 


upper lobe was considered. However, the 
general principles involved are the same. 

Figure 9a is a photomicrograph of the cut 
bronchus to the left apical lobe, sealed with 
gelatin sponge 3 days before the animal was 
killed under anesthesia. The gelatin sponge, 
with red blood cells and serum in its meshes is 
seen to be closely applied to the cut bronchial 
cartilages. Extending up into the lumen of the 
bronchus is a loosely organized clot along one 
edge of which the bronchial epithelium is al- 
ready beginning to proliferate (Fig. gb). In 
another animal 6 weeks after lobectomy the 
end of the bronchus is seen to be well covered 
by ciliated columnar epithelium and the gela- 
tin sponge has been replaced by loose fibrous 
tissue so that no trace of its original structure 
remains (Fig. toa and b). 


RESISTANCE TO INTRABRONCHIAL 
PRESSURE POST MORTEM 


From the photomicrographs one would infer 
that the healed bronchi would withstand a 
considerable pressure of air without leakage. 
This inference is substantiated by the results 
of inflation studies of the lungs im situ imme- 
diately after death. The lungs were inflated 
under water to a maximum pressure of 80 
millimeters of mercury, beyond which point 
leakage generally occurred around the inflated 
balloon on the endotracheal catheter. Usually 
the parenchyma of the lung began to leak be- 
fore this pressure was reached. The pressures 





Fig. 7. Left apical lobe drawn medially in order to 
allow insertion of gelatin sponge between bronchus and 
pulmonary artery. 


attained and the results in the various cate- 
gories are shown in Table I. 

In only 1 instance was a leak found at the 
site of a gelatin sponge patch; this occurred in 
a bronchus partially sectioned a week previ- 
ously. The repaired area in this animal trans- 
mitted air after the pressure reached 25 milli- 
meters of mercury. In a second animal treated 
similarly and tested after 1 week the repaired 
area resisted a pressure of 80 millimeters of 
mercury. There was considerable variation in 
the pressure at which the lung parenchyma 
leaked; in many cases there was no leak at 80 
millimeters of mercury, whereas one lung from 
which adhesions had been separated in open- 
ing the chest at autopsy leaked at a pressure of 
20 millimeters of mercury. As is well known, 
a pressure of only 8 to 1o millimeters of mer- 





Fig. 8. a, left, Apical lobe removed and one end of the 
gelatin sponge in place alongside the bronchus. b, End of 
bronchus covered by gelatin sponge. 








Fig. 9. a, Photomicrograph showing cut end of bronchus 
3 days after lobectomy and covering with gelatin sponge. A 
loose clot lies in the lumen of the bronchus. The contour of 
the gelatin sponge is readily seen. X6. b, The bronchial 
epithelium is beginning to cover the edge of the clot 3 days 
after operation. X63. 


cury is required for full expansion of the lung 
in the dog. 


DISCUSSION 


It is apparent that in the dog, bronchial 
openings produced in a variety of ways may be 
sealed successfully by the use of gelatin sponge 
without suture fixation. In 1o partial sections 
of the bronchus to the left diaphragmatic lobe, 
all animals survived when a patch of gelatin 
sponge was used. As a more severe test of the 
method it was employed after removing a seg- 
ment of the ventral wall of the bronchus to the 
left diaphragmatic lobe in 10 animals. All but 
1 of these healed satisfactorily. Fifteen dogs 
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TABLE I.—RESISTANCE TO 
INTRABRONCHIAL PRESSURE POST MORTEM 





























Pressure 
Dog | Time |attained 
No. | postop.| mm. Remarks 
mercury 
Partial 8 I week 25 Bronchial wound leaked aig 
section of |_—|—__|—____|—________—_ — 
bronchus 53 I week 80 No leak 
and gelatin| ———| -———.— | —_—_-| —___—_—____ —__—_———- 
sponge 51 3 weeks| 80 No leak 
patch ——— |__| -____—_______—__—__ 
26 4 weeks 20 Lung parenchyma leaked 
27 4 weeks 65 Lung parenchyma leaked 
4 4 weeks 65 Lung parenchyma leaked 
24 5 weeks 80 No leak 
7 8 weeks 75 Lung parenchyma leaked 
5 |10 weeks 80 Lung parenchyma leaked 
Excision of 19 3 days 40° Lung parenchyma leaked 
bronchial - ——__|—_—_—— — 
segment 5° 2 weeks 5° Lung parenchyma leaked 
and gelatin —_ are aan 
oz 49 3 weeks 80 Lung parenchyma leaked 
pate — ——_|—_—_——_|—_—_————_- —_——_—— 
44 | 4 weeks} 80 Lung parenchyma leaked 
42 5 weeks 80 No leak 
23 | 6 weeks 75 No leak 





Leak around tracheal catheter 























Lobectomy 45 3 days 30 Lung parenchyma leaked 
and gelatin - —_————|———— a 
sponge 43 I week 60 Lung parenchyma leaked 
patch - | — |] A 

30 2 weeks} 65 Lung parenchyma leaked 

38 3 weeks 7° Leak around tracheal catheter 
37 4 weeks 80 No leak 

360 5 weeks 75 No leak 

31 6 weeks 50 No leak 





were subjected to removal of the left apical 
lobe, with gelatin sponge as the only covering 
for the bronchial stump. Thirteen of these 
survived. The 3 deaths in the two latter 
groups occurred as a result of infection, pre- 
sumably originating in the open bronchus. 
Microscopic study of the operative areas 
showed organized fibrous tissue well covered 
by epithelium. In bronchi not deformed by 
suture of the cut edges the tissues seemed to 
achieve a smooth, firm union fairly rapidly. 
In the course of segmental or total lobec- 
tomy in man, one occasionally encounters a 
partial severance of an adjoining bronchus. 
The repair of such accidental bronchial lesions 
presents a difficult problem, particularly when 
a wedge of bronchial wall has been removed. 
Suture of such a lesion may deform the bron- 
chus and lead to atelectasis and suppuration 
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Fig. ro. a, left, Six weeks after lobectomy the end of the bronchus is firmly sealed and there is 
no trace of the gelatin sponge. X6. b, Higher magnification of Figure 1ca. Normal epithelium 
is seen covering the end of the bronchus. The underlying connective tissue is very loose. 69. 


distal to the area of repair. It seemed that a 
patch of absorbable material placed over such 
a lesion would be more conducive to healing 
without deformity than any other method. 
Such a clinical possibility prompted the studies 
detailed here. Results were fairly successful 
even though the gelatin sponge was not sewed 
in position. With suture fixation it seems like- 
ly that better results could be achieved and the 
safety of the method could be increased to 
a point at which clinical trial might become 
advisable. 

The present studies demonstrate merely the 
validity of the concept that an absorbable 
material may be used for closure of experi- 
mentally produced openings in the bronchi. 
However, it must be stated emphatically that 
the particular technique described here is not 
recommended for clinical use. This technique 
purposely omitted factors which might have 
been expected to enhance its safety, in order to 
provide a more rigorous test. Moreover, the 
results in animals, even if perfect, cannot be 
used except as an indication of possible clinical 
applicability. As Bailey(1) has aptly stated 
‘“’.. it must be recognized that closure of the 
bronchus in animals is only slightly compar- 
able to the problem as met in clinical human 
cases. A momentary consideration of the 
smallness of the bronchi in animals, the ab- 
sence of previous bronchial or pulmonary in- 
fection, the absence of previous pleural adhe- 


sions, and the great mobility and redundancy 
of the mediastinum, will indicate the contrast.” 
The studies of Rienhoff and others on closure 
of the bronchial stump by mere approximation 
of the pleura over it lend further support to 
this view. 

There are currently a number of accepted 
methods for bronchial closure. Most of these 
recognize certain principles in bronchial heal- 
ing, among which are the preservation of the 
blood supply by avoidance of crushing clamps 
or constricting ligatures, and the pleuraliza- 
tion of the occluded bronchial stump. Sweet 
has reported 140 instances of bronchial closure 
with only 1 known failure. It would certainly 
be rash at present to suggest the clinical use of 
the method as described here, when results 
under relatively ideal experimental conditions 
are not as satisfactory as those of Sweet just 
noted. 

However, the danger of deformity or sten- 
osis following the usual type of repair in acci- 
dental bronchial wounds suggests that a mod- 
ification of the present gelatin sponge method 
may be helpful in such accidents. Its use in 
conjunction with standard methods of bron- 
chial closure after pulmonary resection must 
also be considered. Moreover, with increas- 
ingly radical removal of neoplasms involving 
the carina or lower trachea, the need for a 
satisfactory technique of repairing such .de- 
fects is apparent. The ingenious work of 
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Daniel in this connection is a striking example 
of one approach to the problem. He replaced 
entire segments of the tracheobronchial tree in 
dogs with glass tubes and removed the tubes 
bronchoscopically many months later, at 
which time tracheobronchial continuity had 
been restored. The use of absorbable materi- 
als in a similar connection is an attractive 
possibility that is now under investigation in 
this laboratory. 


SUMMARY 


Absorbable gelatin sponge has been used as 
a seal for various experimentally produced 
bronchial defects in dogs. 

In 10 dogs a transverse partial section of the 
bronchus to the left diaphragmatic lobe was 
sealed by gelatin sponge with uniformly good 
results. 

In 10 dogs a segment was removed from the 
ventral wall of the bronchus to the left dia- 
phragmatic lobe, the defect being covered with 
gelatin sponge. All but 1 of these dogs 
recovered. 

In 15 dogs the apical lobe of the left lung 
was removed, the bronchial stump being cov- 
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ered with gelatin sponge. Thirteen of these . 
recovered. 

In no instance were sutures used to hold the 
gelatin sponge in position, reliance being 
placed solely on the retaining effect of adjoin- 
ing structures plus the adhesive qualities of 
the material when moistened with body fluids. 
By the use of suture fixation one would expect 
increased reliability of the technique. 

Although the present technique is not ad- 
vised for use in patients, the general principle 
of sealing bronchial defects by absorbable 
material may have clinical applicability. 
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DISCREPANCIES IN MYELOGRAPHY 





Statistical Survey of 200 Operative Cases Undergoing 


Pantopaque Myelography 


WILLIAM BEECHER SCOVILLE, M.D., Hartford, Connecticut, WILLIAM HENRY MORETZ, 
M.D., Salt Lake City, Utah, and WALTER DOUGLAS HANKINS, M.D., 
Johnson City, Tennessee 


ANY excellent articles have ex- 
tolled the virtues of pantopaque 
and other contrast myelography 
in the study of the ruptured in- 

tervertebral disk (4, 5, 6, 7, 13). This article 
attempts to point out certain limitations of 
this diagnostic method and represents a sur- 
vey of 200 operative cases from Cushing Gen- 
era) Hospital in 1944-1945. In the discussion, 
2 additional unpublished surveys will be in- 
cluded for the sake of comparison. The survey 
was undertaken when the neurosurgical author 
(W.B.S.) and several independent roentgenol- 
ogists (author W. D. H., Danelius, and Ogden) 
commented on the difficulty in making a clear 
cut diagnosis of the presence or absence of a 
ruptured disk by myelography alone. It was 
our collective impression that myelography 
yields equivocal findings in at least 25 per cent 
of the cases. If true, this was at variance with 
published statistics. 


LITERATURE 


Statistical surveys, of which there have 
been many (4, 6, 8, 13), give an overall accu- 
racy of g2 to 93 per cent in contrast myelo- 
graphy regardless of the media used. When 
analyzed, such statistics are erroneous as they 
are based on positive myelograms only, those 
cases of ‘normal’ myelograms which never- 
theless reveal a ruptured disk at operation be- 
ing ignored. This was commented upon by 
Pugh. Only recently have surveys (1, 2, 15, 
16) suggested a higher percentage of error, and 
only Maltby and Pendergrass have devoted 
an entire and excellent article to the diagnostic 
errors found in myelography. However, no 


1From the Neurosurgical Service of Wm. P. Van Wagenen, 
M.D., and the Roentgenological Service of Walter D. Hankins, 
M.D., Cushing General Hospital, Framingham, Massachusetts. 
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corrected statistics have been published yet to 
supplant the older euphemistic reports. 

The causes for error have been well de- 
scribed (12) and include: (1) double disks 
which occur in 12 to 14 percent (4, 16);? (2) a 
high cul-de-sac (1, 6, 14, 16); (3) a giant canal; 
(4) a congenitally narrow dural sac; (5) post- 
operative defects and adhesions; (6) so called 
subclinical protrusions or “hidden disks’’ of 
Dandy consisting of a torn annulus with frag- 
mentation and degeneration of the nucleus 
pulposus, and occasionally cartilaginous plate, 
but without actual protrusion. Too much 
stress has been laid on thickened ligamenta 
flava and varices and too little on that most 
common cause of error, a lumbosacral ‘‘disk”’ 
situated so far laterally as to give no dural 
or root sheath defect at all (1). Disagree- 
ment exists on the diagnostic importance of 
asymmetry of root sheaths. Horwitz gives us 
all food for thought in his study of 100 autop- 
sied spines in which he found that asympto- 
matic multiple protrusions with actual degen- 
eration of the nucleus pulposus are a common 
occurrence throughout the adult spine. 

SURVEY 

Two hundred consecutive cases in which 
patients were subjected to pantopaque myelo- 
graphy and operation for a lumbar ruptured 
intervertebral disk were studied at the Cush- 
ing General Hospital. That technique now 
generally accepted throughout the United 
States was used for pantopaque myelography 
(11,17). Spot films were taken in both postero- 
anterior and oblique views in all cases. Lat- 
eral views were omitted because of technical 

*In a recent survey of 100 civilian operative cases at the Hart- 
ford Hospital, a ruptured disk was found in 99 per cent; a “‘hid- 


den disk” with true degeneration and fragmentation of the nu- 
cleus in 3 per cent; ‘double disks” in 5 per cent. 
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Fig. 5. 


Fig. 1. A left lumbosacral ruptured disk. Incorrectly 
diagnosed as normal. A major error. 

Fig. 2. A left lumbosacral ruptured disk. Incorrectly 
diagnosed as normal in both semiprone and vertical posi- 
tions. A major error. 

Fig. 3. A right lumbosacral ruptured disk. Incorrectly 
diagnosed as normal. A major error. 

Fig. 4. Noruptured disk found at operation. Incorrectly 


difficulties and lack of agreement as to their 
advantage over oblique views (3, 9). Opera- 
tion was carried out because of clinical evi- 
dence of a ruptured disk plus a considerable 
physical disability. In this series more patients 
with mild symptoms underwent operation than 
would have been operated upon in civilian 
life because of that universal G. I. tendency 
to “turn in” at the first hint of disability. All 
myelograms were reviewed jointly by the 
roentgenologist and neurosurgeon without 
knowledge of the clinical or operative findings. 
Comparison was then made between the 
myelographic diagnosis and the operative 
findings. 

A positive finding at operation was defined 
as (a) a frank herniation of degenerated nuc- 


diagnosed as root sleeve defect, right lumbosacral. A 
major error. Compare with Figures 1, 2, and 3 in which 
ruptured disks were found at operation although myelo- 
gram showed no gross defect. 

Fig. 5. A left lumbosacral ruptured disk. Correctly 
diagnosed as minimal root sheath asymmetry, left lumbo- 
sacral. No error. Compare with Figure 4 having a similar 
type of defect with a negative exploration. 


lear fragments through a torn annulus or (b) a 
marked “bulge” of the annulus, with soften- 
ing and a true “stringy” degeneration and 
fragmentation of the nucleus and at times 
fragmentation of the cartilaginous plate. The 
so called ‘“‘hidden disk” of Dandy was exclud- 
ed as were tumors simulating ruptured disks. 

Errors in diagnosis were divided into major 
and minor. Major errors constituted those in 
which the myelographic diagnosis was in direct 
contradiction to the operative findings, i.e. a 
myelogram incorrectly diagnosed as normal or 
as abnormal. Minor errors included (a) errors 
in localization either by interspace or Jateral- 
ization, (b) errors in differentiation between 
single and double disks, and (c) errors of 
technique. 
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Fig. 8. 





Fig. 7. 








Fig. ro. 


Fig. 6. A left lumbosacral ruptured disk. Incorrectly 
diagnosed as right lumbosacral. A minor error of laterali- 
zation. 

Fig. 7. Oblique views of Figure 6. 

Fig. 8. Normal physiological constriction frequently 
found at third lumbar interspace. No error made. Com- 
pare with Figure 9. 

Fig. 9. Double “disks” at left fourth lumbar and lumbo- 
sacral interspaces although no apparent defect is visible at 
left fourth lumbar. A minor error. Compare with Figure 8. 

Fig. 10. No ruptured disk found at operation. Defect at 
left fourth lumbar interspace incorrectly diagnosed as a 
ruptured disk. A major error. Compare with Figure 7. 

Fig. 11. Double “disks’’ at left lumbosacral (picture on 
left) and left fourth lumbar interspaces (picture on right). 
Defect at fourth lumbar (picture on right) was incorrectly 
diagnosed as a normal physiological variant. A minor error. 
Compare with Figure tro. 


RESULTS 
1. Four cases of lumbar spinal tumors were 
excluded from our statistics. 





Fig. 12. 


Fig. 12. A left lumbosacral ruptured disk. Defect at 
left fourth lumbar interspace was incorrectly diagnosed as 
an additional double “disk.” A minor error. Compare with 
Figures 7, 8, 9, and 11. 


2. Ruptured disks were found in 173, or 88 
per cent, of the remaining 196 patients operat- 
ed upon. Findings in the 23 other cases were 
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Fig. 16. 


Fig. 19. 


Fig. 13. A left lumbosacral ruptured disk. Defect at 
fourth lumbar interspace was incorrectly diagnosed as an 
additional double “‘disk.”” A minor error. Compare with 
Figures 7, 8, 9, and 10. 

Fig. 14. A right fourth lumbar ruptured disk. No error. 
Case shown for comparison with Figure 13 which had an 
exactly similar defect without the presence of a ruptured 
disk at this location. 

Fig. 15. A left central fourth lumbar ruptured disk. No 
error. Compare with Figure 13. 

Fig. 16. A right fourth lumbar ruptured disk. The only 
case in this series in which the disk was demonstrated on 
oblique view but not in posteroanterior view. No error. 
(Since completion of this series, oblique views have been 
discontinued except when prone posteroanterior view 


swollen nerve roots, adhesions, bony ridges, 
one fractured facet and, more commonly, 
nothing. Double disks were found in 11 per 
cent." 


1See footnote? first page of article. 
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Fig. 20. 


fails to show a defect.) 

Fig. 17. A left lumbosacral ruptured disk. Congenital 
giant canal (6 c.c. used). Incorrectly diagnosed as normal. 
A major error. 

Fig. 18. A right lumbosacral ruptured disk. Congenital 
high cul-de-sac (even in upright position). Incorrectly 
diagnosed as a right fourth lumbar disk and a normal 
lumbosacral interspace. A major error. 

Fig. 19. A left lumbosacral ruptured disk. Congenital 
narrow dural canal which often fails to demonstrate a 
laterally situated ruptured disk. Incorrectly diagnosed as 
normal. A major error. 

Fig. 20. A left lumbosacral ruptured disk. A technical 
error with failure to center the dye exactly over lumbosac- 
ral interspace. Incorrectly diagnosed as normal. 


3. Overall errors in myelographic diagnosis 
occurred in 65 out of 196 cases, or 33 per cent. 

4. Major errors occurred in 32, or 17 per 
cent, of rg0 cases (omitting 6 cases of technical 
error out of the 196 cases). They consisted of 
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Fig. 21. 





Fig. 21. A left lumbosacral ruptured disk. Incorrectly 
diagnosed as normal. A major error. In addition, a needle 
defect is demonstrated at right third lumbar interspace 
which continues after withdrawal of the needle. A frequent 
cause of technical diagnostic error to the uninitiated. 

Fig. 22. A right fourth lumbar ruptured disk. No 
diagnosis was made because of subdural location of dye as 


25, or 13 per cent, false negative and 7, or 4 
per cent, false positive cases. All but one of 
the false negatives yielded “disks” in the 
lumbosacral] interspace at operation. 

5. Minor errors occurred in 33 or 17 per 
cent of 196 cases. They consisted of 6, or 3 
per cent, errors in technique and 27, or 14 per 
cent, errors in localization. Errors in localiza- 
tion were further subdivided; 6 per cent were 
due to mistakes in the localization of a single 
“disk”; 5 per cent were due to double myelo- 
graphic defects with a single “disk” found at 
operation; and 3 per cent were due to a single 
myelographic defect with double “disks” 
found at operation. 


DISCUSSION 


In order to rule out the personal equation 
from these diagnostic errors, a comparison 
was made with an independent survey carried 
out under identical conditions in 1945 to 1946 
by Drs. Gerhard Danelius and Frank Turney, 
respective chiefs of the roentgenological and 
neurosurgical services at McCaw General Hos- 
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Fig. 22. 





Fig. 24. 


shown by sluggish flow and “islands” of dye remaining 
after withdrawal. A minor technical error. 

Fig. 23. No diagnosis made because of epidural location 
of dye. A minor technical error. 

Fig. 24. A right fourth lumbar ruptured disk. No 
diagnosis, because of irregular filling, occasional even when 
dye lies within subarachnoid space. A minor technical error. 


pital. They have kindly permitted their re- 
sults to be quoted in this article and it is to 
be hoped that their painstaking survey will be 
published as a separate article. Their results 
were roughly comparable, with the exception 
that their major errors were less than one- 
half of ours. Overall errors were 24.4 per cent; 
major errors were 7 per cent; minor errors 
were 21 per cent including g per cent of 
technical errors. 

For further comparison, a small survey of 
25 consecutive civilian cases was carried out at 
the Hartford Hospital in 1946 by Dr. Ralph 
Ogden, roentgenologist, and the author (W.B. 
S.). More rigorous preoperative clinical criteria 
as well as operative criteria were used, with 
the result that only one negative exploration 
was performed and operative findings revealed 
the presence of actual herniation of disk frag- 
ments through the annulus fibrosus in every 
other case. In spite of these criteria and the 
benefit accruing to the author from his expe- 
rience gleaned in the other series, the results 
were again comparable to the original survey. 
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Overall errors were 28 per cent; major errors 
were 12 per cent; minor errors were 15 per 
cent. There were no technical errors. Double 
disks occurred in 1 case or 4 per cent. 

Our high percentage of error in myelographic 
diagnosis as compared to previous reports is 
apparent rather than actual. If our statistics 
shall be limited, as they are in the older 
articles, to only false positives (i.e. those 
myelograms incorrectly indicating the presence 
of a disk not found at operation) and to techni- 
cal errors, the percentage of discrepancies in 
our survey will be exactly comparable to those 
previously reported, namely, 7 per cent or an 
accuracy of 93 per cent. 

From a detailed analysis of our survey, it 
appears that the largest percentage of error 
occurs in those myelograms incorrectly diag- 
nosed as normal. In fact, if operation shall be 
performed upon all cases having clinical evi- 
dence of a disk but a “‘normal” myelogram, an 
error in myelography will be found in 74 per 
cent of those cases. Twenty-four of 25 cases 
in this 74 per cent will reveal a laterally placed 
lumbosacral disk at operation. The second 
largest percentage of error occurs in the false 
localization of single disks. These 2 groups 
together cause 50 per cent of all myelographic 
errors. In contradistinction, technica] errors 
are few and the “‘positive” myelograms will be 
correct in 95 per cent of the cases. 

With the above in mind, these writers will 
continue to use pantopaque myelography 
routinely on all ruptured disk suspects, but 
will tend to discount all “normal” myelo- 
grams if contradicted by the clinical findings. 

CONCLUSIONS 

1. Clinical evidence of a ruptured disk is 

more important than is myelographic evidence. 

A positive myelogram is more important 
than a negative myelogram. A negative or 
normal myelogram in the face of clinical evi- 
dence of a ruptured disk will be wrong three 
out of four times. 

3. Myelography fails to rule out the pres- 
ence of a laterally placed lumbosacral “disk.” 
In 24 of 25 cases of ruptured disk in which the 
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myelograms are normal, the location is in the | 
lateral lumbosacral interspace. 

4. Root sheath asymmetry is an important 
yet equivocal myelographic sign which may or 
may not indicate the presence of a ruptured 
disk; it is of little value without confirmatory 
clinical evidence. 

5. Myelographic double defects are more 
common than are actual double “disk” rup- 
tures or herniations. 

6. When myelography is used as the sole 
diagnostic criterion, the overall error is in the 
neighborhood of 25 to 35 per cent in contrast 
to the 6 to 8 per cent cited in the literature. 
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WOUND HEALING IN EARLY AMBULATION 





HENRY P. ROYSTER, M.D., LILLIAN I. McCAIN, B.A., and 
ALEXANDER SLOAN, B.A., Philadelphia, Pennsylvania 


HE recent work of Leithauser (3) has 
refocused attention in this country on 
the advantages of early postoperative 
ambulation. This method of treat- 
ment has often been a source of doubt in the 
minds of surgeons who naturally might fear a 
disturbance in wound healing, especially after 
laparotomy. The possibility of rupture of the 
abdominal wound or subsequent herniation, 
has long been a hindrance toward getting 
patients out of bed soon after operation, de- 
spite reports (5) which specify that in case of 
wound rupture, the majority of these accidents 
occur before the patient becomes ambulatory. 
This work was designed to compare the 
tensile strength of abdominal wounds of a 
group of dogs exercised daily after operation 
with a similar group closely confined. The 
conditions reproduced as nearly as possible 
those of patients treated postoperatively by 
bed rest and by early ambulation. 


METHOD 


In healthy, well fed dogs weighing between 
6.5 and 14.0 kilograms, right rectus muscle 
splitting incisions into the abdominal cavity 
were made under aseptic precautions. The 
incisions, which averaged 8.0 centimeters in 
length, were placed midway between the xiph- 
oid and the symphysis and were sufficiently 
long to yield enough material at suture line 
for duplicate determinations of tensile strength 
and for microscopic study. Transverse upper 
rectus incisions were made in 2 dogs. 

After difficulty in obtaining wounds com- 
pletely free of infection in the beginning of the 
experiment, the abdomens of all animals were 
clipped on the day prior to operation and 
washed with a detergent. This preoperative 
preparation reduced stitch hole abscesses to 
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infrequent occurrences. On day of operation 
the abdomens were shaved, scrubbed with soap 
and water, and then painted with iodine and 
alcohol. 

The incision was carried down through the 
peritoneum and staggered in the several layers 
so that the lines of incision were not superim- 
posed. The wounds were handled gently with- 
out the aid of retractors, and clamps were ap- 
plied only for suture of the peritoneum-pos- 
terior rectus layer. Suture material consisted 
of No. oooo silk, except for a few animals in 
which part of the sutures were No. ooo plain 
catgut. Continuous sutures of silk were used 
in the peritoneum-posterior rectus fascia, an- 
terior rectus fascia, and subcutaneous tissue. 
A continuous subcuticular suture was used for 
skin closure, with an occasional interrupted 
external skin suture for perfect coaptation. 
Collodion was the only external dressing in 
most of the animals. External sutures were 
removed by fourth to sixth day. After prepara- 
tion of segments of tissue for the tensiometer 
the silk was extracted from the suture line. 

On the day of operation the animals were 
weighed and blood serum protein levels were 
determined by the copper sulfate method (7). 
At the time of sacrifice all dogs, with the ex- 
ception of a few, were again weighed and the 
serum protein levels determined. 

Maintenance of protein and caloric intake 
was kept very high, but metabolic studies 
were not done. All animals were given and 
observed to eat a dietary of bread, fresh milk, 
beef, and commercially prepared dog food. 

Twenty-six animals were operated upon and 
used for the experiments. The wounds of all 
were free of infection although small, isolated 
hematomas were present in six. The proto- 
cols of these animals were included since the 
tissue to be tested was separated by several 
centimeters of normal tissue, and the tensile 
strength was not considered to be affected. 
After operation 2 groups of 13 each were 





Fig. 1. Die fitted with razor blades to cut a 1.0 centi- 
meter wide segment of skin (Zintel’s method, personal 
communication). 


formed. The animals of one group, the con- 
trol, were confined to metabolism cages, the 
small dimensions of which afforded little op- 
portunity for movement (2 by 3 feet). Those 
of the other group, the experimental one, were 
not only allowed free movement in a large pen 
but were also exercised at regular intervals, 
including the day of sacrifice. The exercise, 
begun on first postoperative day, was given 
in 20 minute periods twice daily. During each 
exercise period animals were raced up and 
down several flights of steps and then taken 





Fig. 3. Segment of skin in tensiometer ready for determi- 
nation of tensile strength. 
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Segments of anterior abdominal wall skin of dog: 
a, cut with die completed to show contraction; b, ‘‘scoring”’ 
of skin as a preliminary step before the deeper cut is made. 
Anterior rectus fascia and peritoneum-posterior rectus 
layer were treated in like manner. Eight days postopera- 
tive. 


Fig. 2. 


out of doors for a run. Each dog was also 
“danced” around on his hind legs several times. 

The animals of both groups were killed by 
intracardiac ether injection, with the day of 
sacrifice taking place at intervals of 4, 6, 8, 10, 
and 14 days after laparotomy. A few were 
killed on the thirteenth and sixteenth days. 
Two transverse segments each of skin, an- 
terior rectus fascia and peritoneum-posterior 
rectus fascia, were excised so as to include the 
vertically placed suture line in the center of 
the strip (Figs. 1 and 2). The tensile strength 
was then determined on the tensiometer as 
described by Meade from a modification of 
the technique of Howes, Sooy, and Harvey 
(Fig. 3). The two readings on each layer of 
tissue were averaged and a single value ob- 
tained. Sections of each layer were removed 
for microscopic study. 

The unit of measurement of the tensiometer 
is grams; and since all tissues were cut so that 
the width at the suture line was 1.0 centimeter, 
the tensile strength of the tissues is then re- 
corded as grams per centimeter. A small error 
in cutting the tissue so that it becomes wider 
or narrower than the standard may mean a 
large difference in tensile strength. Care was 
taken to remove the segments of tissue after 
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Fig. 5. Postoperative serum protein changes in ambulated and control animals. 


death in the intact animal under normal skin they could be kept moving for the full 20 
tension. minutes. By the time of the second exercise 
period on the first postoperative day the ani- 
mals were anxious to be put on the leash and 

In the experimental group the animals were their physical strength appeared to be in- 
reluctant to walk during their first period of creased. The animals of the control group re- 
exercising. It was only with difficulty that maining in cages were otherwise given the 
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trol animals. 


same individual attention. The difference in 
the amount of exercise amounted to more than 
that of the two daily exercise periods since the 
ambulated group moved freely around their 
large room, while those in cages were disin- 
clined to move except at times of feeding and 
cleaning out of their quarters. 

The advantages of early postoperative am- 
bulation which have been described in man in 
numerous reports (4) have their counterpart 
in the dog. In every instance the animals of 
the ambulated group, in contrast to those in 
confinement, were more lively and kept their 
coats in cleaner condition. Smoother function 
of the gastrointestinal tract was indicated by 
heartier appetites and more regular and thor- 
ough defecation. Often the control dogs 
would be constipated for a few days, but this 
was never noted in the ambulated group. 


CONDITION OF THE WOUNDS 


Gross examination of the wounds disclosed 
no differences between the two groups. The 
incisions appeared the same as in other healthy 
animals not subjected to the conditions of this 
experiment. There were no wound ruptures 
or evidences of gross infection. Three small 
hematomas occurred in each group; but since 
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these were well localized and isolated, it was 
considered that the tensile strength of those 
wounds was not affected. The hematomas 
occurred in wounds in which hemostasis was 
difficult to accomplish; their presence was due 
to errors in operative technique rather than to 
the effect of early postoperative ambulation. 

The weights of 19 animals on the day of 
operation and on the day of sacrifice were re- 
corded (Fig. 4). Nine of these animals were 
in the control group, and of these 9 only 3 
animals showed a gain in weight over the 
course of the experiment. At one extreme one 
animal, sacrificed on the sixth day, gained 10 
per cent over his preoperative level, and at the 
other a loss of 19 per cent was observed on the 
fourteenth day. In contrast, of the ro animals 
in the ambulated group with data on weight, 
only 2 lost weight. One of these dogs devel- 
oped diarrhea from overeating fresh meat. 

In 23 animals blood serum protein levels 
were determined on the day of operation and 
at sacrifice (Fig. 5). The preoperative values 
were at 5.4 grams per 100 cubic centimeters or 
above. Of 12 in the control group 2 were re- 
duced below the preoperative level. Both of 
these animals lost weight. In the ambulated 
group the levels in 4 animals were low at the 
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Fig. 7. Determination of tensile strength of anterior rectus fascia wounds in 


ambulated and control animals. 
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Fig. 8. Determination of tensile strength of peritoneum-posterior rectus fascia 


wounds in ambulated and control animals. 


time of sacrifice, and of these only 2 also lost 


weight. 
TENSILE STRENGTH 


The tensile strength determinations were 
plotted so that similar tissues could be com- 


pared in the two groups. The mean curves in 
Figures 6, 7, and 8 show that the strength of 
the wounds in the ambulated group closely 
matches that in the control group. The ap- 
proximate coincision of curves is true of skin, 
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Fig. 9. Dog 1315. Healing wound of anterior rectus 
sheath. Early ambulation. Fourth postoperative day, 
showing profuse growth of fibroblasts across wound gap 
F and F indicate cut edges of fascia. 45. 


anterior rectus fascia, and peritoneum-poster- 
ior rectus fascia. In fact, not only the curves 
but also the actual values are nearly identical 
with those in the original report in 1929 by 
Howes, Sooy, and Harvey. Consequently the 
strength of the three important layers of the 
abdominal wall is neither increased nor weak- 
ened by early postoperative exercise. 


HISTOLOGY 


On histological examination no differences 
could be found between the control and am- 
bulated groups of animals. The process of 
fibroplasia was well advanced by the fourth 
postoperative day, and fibroblasts were abun- 
dant throughout the several layers of tissues. 
By the fourteenth day the ‘‘scars’’ were well 
organized and vascularized (Fig. 9). 


DISCUSSION 

Since epithelization is of minor significance 
in aseptically incised and primarily sutured 
wounds, Howes, Sooy, and Harvey have shown 
that the single factor of repair by fibrous tissue 
can be measured accurately enough for analy- 
sis by determining the tensile strength at in- 
tervals after operation. Any change in healing 
of the cleanly sutured abdominal wound must 
then be demonstrated by an effect on the 
latent or lag period, the phase of fibroplasia or 
maturation. The strength of the wounds in 
this experiment on the fourth postoperative 
day is sufficiently great to eliminate early am- 
bulation as a cause of prolonging the latent 
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period. The period of fibroplasia is charac- 
terized by an abrupt rise in strength of a sort 
consistent with the ‘‘normal” curve of wound 
healing by this method. Study of the phase of 
maturation was incomplete since our interest 
lay in the condition of the wounds in the early 
days after primary closure during the time 
when wound rupture is most common. Kim- 
barovskiy in 1940 performed an experiment on 
dogs in which he found that the wounds of 
animals placed in casts showed delay in con- 
nective tissue formation when compared with 
others that were ambulatory. Newburger re- 
ported increased strength of abdominal wounds 
in rats exercised daily on a treadmill. The 
results obtained by these investigators cannot 
be accurately correlated with the present work 
due to the wide difference in experimental 
conditions. 


SUMMARY AND CONCLUSIONS 


1. Studies of serum protein, weight change 
and tensile strength of the abdominal wound 
were performed in 26 dogs. 

2. One half of the animals were kept in- 
active after operation, and the others were 
treated by early postoperative ambulation. 

3. Comparison of the two groups is as 
follows: 

a. The general condition of the ambu- 
lated animals was improved over that of the 
controls. 

b. A significant number of animals in the 
ambulated group gained weight while the con- 
trols generally lost weight. 

c. The tensile strength of the postoper- 
ative abdominal wound in the ambulated 
group did not differ significantly from the 


values in the control group. 
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DIFFERENTIAL 


SPINAL BLOCK 


IV. The Investigation of Intestinal Dyskinesia, Colonic Atony, 


and Visceral Afferent Fibers 


STANLEY J. SARNOFF, M.D., JULIA G. ARROWOOD, M.D., and WILLIAM P. CHAPMAN, M.D. 


Boston, Massachusetts 


“THE occurrence of disordered motor 
states of the intestine as a puzzling, 
incapacitating, and occasionally fatal 
syndrome has long been recognized. 

Murphy, in 1896, reported spasm of the bowel 
simulating acute mechanical intestinal ob- 
struction, in a painter. This report was fol- 
lowed by 3 cases of spastic ileus from Heiden- 
hain’s Clinic in 1897, and by 1910, protocols 
were available on 51 cases in which spasm was 
sufficiently pronounced to cause obstructive 
symptoms in the absence of organic mechani- 
cal interference with the lumen (16a). Engstad 
in 1928 reported 6 cases of spastic ileus of the 
jejunum verified by operation. Zimmerman, 
in 1930, added 2 cases of his own to the 157 
available cases in which spasm of the bowel 
was thought to be the cause of obstruction. 
The following year, Christianson and Bargen 
published 5 cases that had abdominal disten- 
tion, cramps, and vomiting, for which no me- 
chanical cause could be found. Steigmann and 
Singer published the protocol of one case of 
“idiopathic neurogenic spastic ileus’? which 
terminated fatally and cited 14 similar fatal 
cases. Colp, in 1941, reviewed the literature 
on spasm of the colon as a cause of intestinal 
obstruction and published protocols of 5 cases 
of his own. White and Smithwick published 
the report of a most interesting patient with 
intermittent periods of vomiting, severe con- 
stipation, increased peristalsis, and pain com- 
ing in waves. Four laparotomies had not been 
of help. Paravertebral procaine injections 
conferred relief and the ensuing sympathec- 
tomy was successful. Chesterman, in 1946, 
elaborated on the Alvarez theory of intestinal 
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gradients to explain the cases of neurogenic 
ileus that had come to his attention. The 
articles mentioned and their appended bibliog- 
raphies comprise the available literature on 
the clinical aspects of spastic ileus. 

It is admittedly difficult to evaluate some 
of the reviewed cases in terms of whether or 
not actual spasm was the sole cause of the 
patient’s disease. Nevertheless, enough well 
authenticated and directly observed material 
is available to ensure the importance of de- 
ranged intestinal motor function as a surgical 
syndrome. And yet, only rarely is it consid- 
ered as a part of the differential diagnosis when 
crampy abdominal pain, persistent obstipa- 
tion, abdominal distention and tympanites 
are encountered. 

One of the underlying reasons for this is the 
fact that it is frequently difficult or impossible 
to make the diagnosis of neurogenic intestinal 
obstruction preoperatively. When a patient 
recovers from a bout of obstruction either 
spontaneously or with the help of intestinal 
intubation, the intestine is said to have un- 
kinked or the edema subsided allowing re- 
establishment of intestinal transport. 

The use of a sympathetic block to alter 
bowel motility and transport was first sug- 
gested by Wagner in 1919. Eight cases of ab- 
dominal distention responded well to splanch- 
nic anesthesia with procaine. Since then 
splanchnic or spinal anesthesia has been used 
many times in intestinal distention of varying 
sorts and with varying success (7). The lab- 
oratory experiments of Domenech, David and 
Loring, Markowitz and Campbell, and Ochs- 
ner, Gage, and Cutting have put on a firm 
physiologic basis the value of interrupting the 
sympathetics in relieving the paralytic ileus 
induced by chemical or bacterial peritonitis. 
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The latter authors justifiably wondered why 
spinal anesthesia did not yield equally con- 
sistent results in the human. This point, we 
believe, has been resolved by the significant 
work of Helm and Ingelfinger (12, 13). These 
investigators have convincingly demonstrated 
that morphine and atropine, presumably by a 
direct effect on the bowel, can prevent the 
increase in intestinal motility induced by 
spinal anesthesia. It is likely that an apprec- 
iable proportion of patients who have received 
spinal anesthesia for paralytic ileus were under 
the influence of either or both of these drugs. 
The importance of withholding medication 
when attempting to use spinal anesthesia to in- 
crease bowel motility and transport cannot be 
overemphasized. 

For the most part, spinal anesthesia has 
been used in paralytic ileus and has been used 
as a therapeutic measure. The classical clin- 
ical observations of Scott and Morton, and of 
Smithwick (28) constitute the only attempts, 
of which we are aware, to use it as a prognostic 
index in disordered motor states of the in- 
testine. These workers concluded that if a 
spinal anesthesia, properly administered, in- 
duced motility and transport in an otherwise 
dilated and nontransporting colon, resection 
of the appropriate sympathetic fibers should 
cause clinical improvement. Smithwick also 
used a paravertebral block for the same pur- 
pose (28). 

This report concerns itself with observations 
concerning the effect of blocking sympathetic 
visceromotor fibers on bowel activity and 
transport. It indicates the usefulness of a 
particular type of sympathetic block, differ- 
ential spinal block (18, 19, 20, 21), as a ther- 
apeutic measure in non-mechanical obstruc- 
tions. Perhaps of more significance than the 
above are the data which indicate the useful- 
ness of sympathetic blocking procedures in 
differentiating intestinal dyskinesia with a 
neurogenic component from the common type 
of acute, mechanical intestinal obstruction. 


MATERIAL AND METHOD 
All patients were from the surgical services 
of the Massachusetts General Hospital. Five 
patients were given a differential spinal block 
in an attempt to alter temporarily bowel func- 


tion. Two additional patients had the visceral. 


afferent pathways (carrying the sensation of 
distention) tested while under the influence of 
a high differential block. 

The technique of administering a differential 
spinal block has been previously described 
(18, 19, 20, 21). Briefly, it consists of the sub- 
arachnoid administration of a large volume of 
a dilute solution of procaine hydrochloride 
(0.2%). This is delivered from an elevated 
leveling bulb through a calibrated dripper to 
an inlying needle in the third lumbar inter- 
space. The optimal initial dose is 16 cubic 
centimeters administered in about 4 minutes. 
The drip is then continued at the rate of 16 
drops per minute until the desired block is 
accomplished. The drip is subsequently set at 
that rate which will maintain the block until 
it is no longer required. 

The use of this technique has made it pos- 
sible to produce a sympathetic block and a 
block of the fibers concerned with pinprick 
sensation without grossly affecting touch, po- 
sition sense, vibratory sense, or motor power. 
The effect of this type of block on viscero- 
motor function has not previously been in- 
vestigated. 

The distention stimulation of the jejunum 
and rectum was kept within constant limits 
by elevating the pressure within the intestinal 
balloon in a constant fashion. The balloon 
pressure was elevated to a given level by a 
given volume of air delivered in a given time. 

The four balloon intestinal tube was con- 
structed so that each balloon was placed 10 
inches from its neighbor and led to recording 
pens via separate tubes. In this way a per- 
istaltic wave starting in terminal ileum could 
be traced around to descending colon by the 
impression it made on each of the four bal- 
loons it passed (Fig. 1a). This apparatus will 
be described in detail in a separate communi- 
cation (1). 

PROTOCOLS 

CasE 1. The first patient was a 38 year old mar- 
ried housewife, who was first seen in this hospital in 
1933. Ten years previously an appendectomy had 
been performed following repeated attacks of right 
lower quadrant pain. The postoperative’ diagnosis 
was “congenital adhesions.”” In 1929 the patient 


was said to have had acute intestinal obstruction 
and a lysis of adhesions was performed. 
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In July of 1933, while 6.5 months pregnant, the 
patient was admitted to this hospital for the first 
time with cramp-like abdominal pain, nausea, and 
vomiting. This pain subsided spontaneously, but 
recurred one week later, and was accompanied by 
fecal vomiting and abdominal distention. A lysis of 
adhesions was performed under ether anesthesia, but 
severe distention persisted for a week, and an ileos- 
tomy had to be performed at the end of that time. 
This relieved the patient completely and recovery 
was prompt. At the first operation it was thought 
that the point of obstruction had been freed, but at 
the time of the ileostomy 10 days later, the small 
intestine: was again seen to be severely distended. 

In November, 1934, a cholecystectomy was per- 
formed following 3 severe attacks of right upper 
quadrant pain. Gall stones were found at operation. 
Soon after discharge a mental depression set in, and 
in January, 1936 the patient was readmitted for 
psychiatric attention. 

The cramp-like abdominal pain, vomiting, and 
distention reappeared after increasing bouts of con- 
stipation in July, 1935, and at this time a laparotomy 
was performed under ether anesthesia. There was 
not a single adhesion involving the small intestine at 
any point, and only one apparently innocuous ad- 
hesion along the course of the transverse colon. The 
cecum was found to be large and redundant and was 
therefore fixed to the anterior abdominal wall with 
chromic catgut. Amniotic fluid was inserted into the 
peritoneal cavity. Ten days after operation, the 
patient had a similar attack of abdominal pain, 
vomiting, distention, and obstipation with evidence 
of greatly increased peristalsis. This occurred at a 
time just after freedom from mechanical obstruction 
had been verified by direct observation. A psy- 
chiatric consultation was requested. 

In September, 1936, a similar obstructive attack 
followed the swallowing of three pins and a needle. 
The former were recovered in the stools but the 
latter was not found. The following month it was 
again found necessary to hospitalize the patient 
because of abdominal pain, nausea, vomiting, and 
abdominal distention accompanied by high pitched 
peristalsis. X-ray examination at this time revealed 
a markedly dilated colon with some spasm in the 
ascending portion. 

In 1940 a right sacroiliac fusion was performed for 
the relief of low back pain. Obstipation, cramp-like 
abdominal pain, and distention necessitated hos- 
pitalization again in March, 1941, and a barium 
enema revealed colonic atony and a long redundant 
sigmoid. No evidence of organic obstruction was 
found. The attack subsided spontaneously. 

From January to December of 1944 repeated at- 
tacks of pain, vomiting, distention, and obstipation 
required hospitalization. Gastric suction and seda- 
tion were required to help the patient through each 
attack. No operation was performed. These symp- 
toms reappeared again in March, 1946, and the pa- 
tient again entered the hospital. At this time barium 
was introduced into the duodenum through an in- 


dwelling Rehfuss tube. From this region barium 
passed through the jejunum and proximal ileum at a 
normal rate outlining essentially normal small bowel. 
However, at approximately the region of the mid- 
ileum there was a retardation of flow, and films taken 
over a period of 6.5 hours showed only slow pro- 
gression of the barium to the cecal region. At the 
end of this time, considerable barium remained in 
the terminal ileum, but no cause was demonstrated 
for its exceedingly slow progress. An exploratory 
laparotomy was performed and careful examination 
of the entire intestinal tract was made. A few minor 
adhesions were found in the region of the hepatic 
flexure and the old gall-bladder bed, and the cecum 
was found to be fixed to the anterior abdominal wall. 
No point of obstruction could be found, and the re- 
mainder of the intestinal serosa was smooth and 
glistening. It was felt at this time that the previous 
attacks of intestinal obstruction had been due to 
some type of autonomic imbalance. 

In October, 1946, readmission was again found 
necessary, and this time, due to the patient’s re- 
fractoriness, intestinal suction was impossible, and 
the patient went home unrelieved. Three weeks 
later the patient was admitted in the midst of a char- 
acteristic attack of cramp-like abdominal pain, vom- 
iting, distention, and obstipation. It was decided 
to institute a study of the autonomic control of this 
patient’s intestinal tract. Accordingly, a differential 
spinal block was administered. 

When this was done there was vasodilation in the 
lower, but not the upper extremity, and a loss of 
pinprick sensation to the eighth thoracic segment. 
Sweating ceased on the lower extremities. There 
was no loss of motor power, touch, or position sense. 
Prior to the onset of the block, the abdominal girth 
was 29.5 inches, distention and resistance were con- 
siderable. Coincident with the onset of the sym- 
pathetic block, intestinal activity became more active 
(borborygmi) and large amounts of flatus were passed. 
Within 40 minutes the abdominal girth was reduced 
from 29.5 to 26.5 inches, and the abdomen became 
strikingly softer and flatter. The patient, an unus- 
ually competent observer, was impressed and elated 
with the results. She continued to pass gas through- 
out that afternoon and evening, at the end of which 
time the abdominal girth was 25.5 inches. The pa- 
tient stated that she felt perfectly normal at that 
time, and it was her opinion that that attack had 
been abruptly and completely terminated. 

Inasmuch as the 13 years from 1933 to 1946 had 
been filled with major attacks requiring hospitaliza- 
tion and minor episodes which the patient weathered 
at home, it was thought advisable to attempt more 
definitive therapy in order to prevent the progress 
of the downhill course this patient had traveled in the 
recent 16 months. Accordingly, a right transthor- 
acic sympathectomy was performed in December, 
1946. Abdominal distention without nausea, pain, 
or vomiting appeared in the 4th, 5th, 6th and 7th 
postoperative days. The nature of the distention 
postoperatively will be discussed later. 
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Fig. 1a. Schematic presentation of how the four balloon intestinal tube works. Each 
balloon is connected to a separate recording pen by a channel isolated from the other 
balloons and pens. By correlating the balloons A, B, C, and D with the records A, B, 
C, and D, it can be seen that the peristaltic wave has passed balloons D and C, is now 
at B and has not yet arrived at balloon A in the descending colon. 


At the present writing, 9 months after operation, 
the patient has not required hospitalization, and has 
gained 11 pounds in weight. She is carrying a normal 
work load satisfactorily, and has had but two epi- 
sodes of abdominal distress. One of these was ac- 
companied by mild distention, neither attack lasted 
longer than 12 hours. A more complete evaluation 
will be made at a later date.? 

Case 2. The second patient was a 24 year old 
registered nurse who entered the hospital on De- 
cember 26, 1945, with the chief complaint of increas- 
ingly severe abdominal pain. In 1944 an appendec- 
tomy had been performed for right lower quadrant 
pain, accompanied by nausea and vomiting. From 
then on she suffered from the severe, cramp-like 
abdominal pain that culminated in her present ad- 
mission. This pain was accompanied by vomiting 
during her more recent attacks. Periods of repeated 
attacks were accompanied by obstipation lasting up 


‘After two moderate bouts of intestinal distention with abdom- 
inal pain that was completely left sided in location, a left thora- 
columbar sympathectomy was performed on November 22, 1047. 
Since that time the patient has had no further distention and has 
had no abdominal symptomatology. 


to 4 days. Distention, although frequently present, 
was not a prominent feature of the clinical picture. 
Rather, the attacks of excruciating pain were ac- 
companied by a rigid, boardlike abdomen, and unless 
one was acquainted with her previous history, the 
diagnosis of a ruptured viscus suggested itself. Three 
exploratory laparotomies had been performed for 
lysis of adhesions, and at the last operation a re- 
section of an adherent loop of bowel was performed. 
Although the patient left the hospital slightly more 
comfortable after each of these procedures, she was 
never free of pain, and had frequent, severe attacks 
while out of the hospital. 

Roentgenographic examination of the intestinal 
tract during attacks revealed the presence of exceed- 
ingly swift peristaltic rushes starting in the upper 
jejunum and carrying to the area of terminal ileum. 
No distinct point of obstruction could be identified, 
however. 

Full spinal anesthesia, using 120 milligrams in 4 
cubic centimeters of cerebrospinal fluid, brought 
about complete and immediate abolition of the typ- 
ical attack on three separate occasions. The board- 
like abdomen naturally disappeared under the in- 
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fluence of the full spinal anesthesia since the somatic 
motor neurons were blocked. 

Following the onset of a typical attack, a differ- 
ential spinal block was administered. Shortly after 
the rise in skin temperature and fall in blood pres- 
sure, the abdominal pain began to diminish, and 
within 10 minutes was completely gone (Fig. 1b). 
The loss of appreciation of pinprick sensation ex- 
tended to the second thoracic segment, but there 
was no loss of touch, vibratory sense, position sense, 
or motor power. Despite the absence of the loss of 
motor power, the abdominal wall lost its rigidity 
coincident with the disappearance of the pain. The 
interpretation of this patient’s disturbance of in- 
testinal motility will be made below after it has been 
demonstrated that visceral afferent fibers are un- 
affected by the introduction of that concentration of 
procaine used in a differential spinal block. 

Following a right sided lumbodorsal sympathec- 
tomy, this patient has had one episode of mild ab- 
dominal discomfort. At this writing she is free of 
symptoms, and is carrying a normal nursing work 
load satisfactorily. 

CasE 3. The third patient is a 32 year old un- 
married nurse, and is perhaps the most complex and 
interesting patient in the group, albeit the least 
satisfactory from a long range therapeutic point of 
view. She will be presented only briefly here in rela- 
tion to the effect of two differential spinal blocks per- 
formed during two of her many bouts of intestinal 
obstruction. 

An appendectomy had been performed in 1933, 
and three laparotomies for lysis of adhesions had 
been performed before she was first seen in this hos- 
pital in 1941. From then until March, 1946, the 
patient was admitted nine times with the signs and 
symptoms of acute and chronic intestinal obstruc- 
tion, and had three further laparotomies for lysis of 
adhesions and various sidetracking procedures, in- 
cluding a resection of densely adherent coils of small 
bowel. 

When seen inMarch, 1946, she was in the midst of 
one of her characteristic attacks of abdominal dis- 
tention and tympanites, cramp-like abdominal pain, 
vomiting and obstipation of 3 days’ duration. For 
the ensuing 3 weeks she was maintained on the 
Miller-Abbot tube, intravenous feedings and min- 
imal oral intake. During that period she had had 
only one spontaneous bowel movement. Just prior 
to the administration of the differential spinal block 
her abdomen was markedly distended and resistant 
and high pitched peristalsis was present. 

When the differential spinal block was performed 
she sustained a loss of the appreciation of pinprick 
to the seventh thoracic segment, but had no loss of 
motor power, position sense or touch. The appear- 
ance of the abdomen changed radically under the 
influence of the block. The circumference fell from 
31 to 26.5 inches, and the resistance was greatly 
diminished. In general, the abdomen became dis- 
tinctly softer and flatter in a period of 50 minutes. 
This was accompanied by a small bowel movement 
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Fig. 1b. Case 2. The top portion shaded in black repre- 
sents the amount of pain the patient was experiencing from 
none at all to excruciating. The next three brackets repre- 
sent the skin temperature of the upper and lower extrem- 
ities, as indicated, in degrees centigrade. The lowest 
bracket shows the blood pressure in millimeters of mercury 
and the rate at which the intraspinal drip was administered 
in drops per minute (20 drops per c.c.) after the initial dose 
of 12 c.c. of the 0.2 per cent solution of procaine hydro- 
chloride. 


and the passage of large amounts of flatus. The in- 
testinal sounds, followed from the beginning of the 
procedure, likewise suggested a significant increase 
in co-ordinated intestina! activity under the influence 
of the block. It was interesting to hear the sounds 
change from the high pitched “ping” to a more 
normal pitch as the distention disappeared. By 24 
hours after the block the patient had had five bowel 
movements and had passed a great deal of flatus, the 
abdomen remaining soft and flat. At the end of 48 
hours, nothing more was being passed per rectum 
and abdominal distention was becoming apparent. 








Fig. 2. Case 5. Roentgenogram showing this patient’s 
atonic, redundant colon, 8 hours after the insertion of 
barium. 


The patient was seen on one subsequent occasion 
in the Emergency Ward with more or less the same 
picture. It was apparent, however, at that time that 
she was heavily under the influence of a narcotic to 
which she had become addicted during the course of 
her many illnesses. A differential spinal block was 
promptly administered, but had only a slight effect 
in relieving the distention and in promoting the pas- 
sage of flatus. The patient was transferred to the 
Psychiatric Ward for badly needed attention, but 
signed out against advice 48 hours later when it 
became clear that medication was to be withheld. 

Subsequent transthoracic sympathectomy was 
carried out at another institution by Dr. Smithwick, 
who demonstrated regrowth of splanchnic fibers. 
She is currently free of abdominal distention, and 
although abdominal pain is still mentioned, she now 
complains mostly of joint pain. 

Case 4. The fourth patient was a 38 year old 
housewife, who entered the Massachusetts General 
Hospital for the first time on October 15, 1946, with 
the chief complaint of abdominal pain, distention 
and obstipation. She had her first exploratory lapa- 
rotomy performed in 1936, in an attempt to deter- 
mine the cause of her sterility. At that time a fixa- 
tion of the round ligaments, appendectomy, and 
myomectomy were performed. In May, 1937, a right 
tubal pregnancy was removed and the uterus sus- 
pended. Moderate intraperitoneal hemorrhage was 
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noticed at the time. The patient gave birth to a. 


normal female infant in May, 1938. A second ec- 
topic pregnancy was removed in 1941, and in March, 
1942, after a period of severe abdominal pain, a left 
oophorectomy and hysterectomy were performed. 
In November, 1942, the right ovary was removed 
after additional abdominal pain. In the immediate 
postoperative period there was evidence of urinary 
extravasation, and the abdomen had to be reopened 
for a ureteral repair. 

In December, 1944, she was hospitalized and 
studied because of attacks of distention and what 
was described as “‘subacute small bowel obstruction.”’ 
At that time the patient noted that anything but a 
light meal was followed by attacks of distention. 

In the first week of September, 1946, 6 weeks prior 
to her first surgical admission to the Massachusetts 
General Hospital, she began having severe, cramp- 
like, lower abdominal pain and intermittent periods 
of abdominal distention. This usually followed the 
ingestion of food. Between the time of onset and 
admission she had lost 23 pounds, because of ab- 
stinence from food. She had moved her bowels only 
once in the 2 weeks prior to entry and the passage 
of gas gave her great discomfort. 

The periods of distention were observed while she 
was in the hospital, and a correlation between them 
and the ingestion of any sizable amount of food was 
established. 

All who saw the patient agreed that her symptoms 
had to be evaluated against a highly neurotic back- 
ground, and this impression was confirmed by num- 
erous bizarre symptoms such as radiation of the 
lower abdominal pain to the shoulder and down the 
leg. 

A differential spinal block was performed on Oc- 
tober 25, 1946, with the four balloon intestinal tube 
in place. It was determined at the time that the 
periods of severe pain were, in general, accompanied 
by peristaltic waves of increased height. This was 
helpful in establishing the genuine nature of the pain. 
Other than that, little of interest was obtained from 
the tracings. Following the block the patient began 
to pass flatus and continued to do so. The following 
morning the abdomen was observed to be scaphoid. 
It had not been flat since admission. The distention, 
pain, and high pitched peristalsis remained absent 
for 2 days, and the patient felt that her intestinal 
tract was acting normally for the first time in 7 
weeks. On the third day after the block the patient 
reverted to her former status. 

Opinion as to whether to do an exploratory lapa- 
rotomy or a sympathectomy was evenly divided at 
that time. Three factors spoke for sympathectomy: 
(a) the decided, albeit temporary, change in the 
clinical picture which followed the differential spinal 
block; (b) the recurrent nature of peritoneal ad- 
hesions with the tendency for the patient to enter 
“that doleful downhill road on which the surgeon 
cuts the adhesions and the patient reforms them 
until either the surgeon tires or the patient dies’’!; 

tLord Moynihan. 
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Fig. 3. Case 5. The above tracings were obtained by 
means of a four balloon intestinal tube. Tracing A is from 
the balloon in the descending colon. Tracing B is from the 
balloon in transverse colon. Tracing C is from the balloon 
in ascending colon. Tracing D is from the balloon in term- 


(c) the patient’s life was in no immediate danger from 
the obstruction, since it was intermittent and the 
vomiting was limited. Since the patient’s symptoms 
were more pronounced on the left, a left-sided sym- 
pathectomy was performed on November 1, 1946. 

The patient began to eat and have normal bowel 
movements on the second postoperative day. With 
the exception of one bout of distention on the tenth 
postoperative day, the preoperative symptoms of 
distention, pain, high pitched peristalsis, and con- 
stipation with painful defecation were absent in the 
immediate postoperative period. A troublesome 
intercostal neuritis subsided only slowly but finally 
disappeared. 

At this writing, 11 months after operation, it is 
difficult to be certain of what has been accom- 
plished by sympathectomy. The patient has had 
two episodes of right sided abdominal pain with 
questionable distention. The background of a 
deeply rooted hypochondriasis makes the certain 
evaluation of her status.impossible. However, fol- 
lowing the cessation of the medication that was 
necessary for the intercostal neuritis, she began to 
gain weight and is now 11 pounds over her admission 
weight. Hospitalization has not been necessary, and 
she is carrying a normal work load satisfactorily. 

CasE 5. This 45 year old housewife was admitted 
to the Massachusetts General Hospital on Septem- 
ber 26, 1946, with the chief complaint of increasingly 
severe constipation. The past history revealed that 
she had been somewhat constipated since early child- 
hood, but 13 years ago, at which time radium ster- 
ilization was carried out, she noted that her symp- 
toms had become much more severe. Four years 
ago, after x-ray examination, a diagnosis of enlarged, 
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inal ileum. The lower bracket represents the skin temper- 
ature of the lower extremities in degrees centigrade; the 
range is from 18 to 33 degrees. Each vertical line repre- 
sents a 5 minute period. The differential spinal block was 
begun 20 minutes prior to the beginning of tracing. 


atonic colon was made at another institution, and 
diet therapy was instituted. She was told to stop 
taking enemas and cathartics, and during that pe- 
riod would go as long as 7 days without having a 
bowel movement before finally resorting to colonic 
irrigation. 

The patient was seen to be a highly nervous, easily 
upset individual who seemed to magnify minor diffi- 
culties into major obstacles. X-ray examination re- 
vealed a redundant, atonic colon that did not empty 
for at least 8 hours after the insertion of the barium 
(Fig. 2). 

During the course of the clinical evaluation of this 
patient’s condition a differential spinal block was 
done with the four balloon intestinal tube in place. 

As the block was pushed upward, sweating ceased, 
vasodilatation occurred in the lower extremities and 
there was a loss of the appreciation of pinprick to the 
sixth thoracic segment. There was no loss of touch, 
position sense, vibratory sense, or motor power. It 
can be seen that as the vasodilatation became max- 
imal in the lower extremities, the colon, previously 
quiescent, became extremely active. The height of 
the contractions was twice to three times that of any 
previous waves recorded in this patient. (Continu- 
ous recordings of 2 hours’ duration had previously 
been obtained.) This activity lasted until the sub- 
arachnoid drip was discontinued and the skin tem- 
perature began to fall. The sequence of contractions 
from ileum to ascending to transverse to descending 
colon leaves little doubt that this activity represents 
true peristalsis and not simply segmental or ring like 
contractions (Fig. 3). 

That this burst of colonic activity was spontan- 
eous or a mass peristaltic rush and simply coinci- 
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Fig. 4. Case 6. The above figure presents the data ob- 
tained on skin temperatures in degrees centigrade. The 
time at which identical duodenal stimuli were applied are 
shown by the arrows, the plus marks indicating an undi- 
minished response. The arterial pressure in millimeters of 
mercury is also shown. The differential spinal block was 
started at the first vertical line, discontinued at the second. 
At 6:20 p.m. there was an abolition of vasoconstriction in 
the upper as well as the lower extremity, sudomotor block 
of the entire body, and loss of pinprick sensation to the 
angle of the jaw. At no time was there any change in the 
sensory threshold to balloon distention of the duodenum. 
There was no loss of touch, position sense, or motor power. 


dental with the block rather than a result of it, must 
be considered. However, two facts militate against 
such a conclusion: (a) the period of peristaltic rushes 
was 15 minutes, which is longer than one would 
ordinarily expect it to be, on the basis of available 
evidence; (b) the time sequence in which the var- 
ious events took place make it quite improbable 
that the colonic activity was an independent phe- 
nomenon. 

The patient was discharged from the hospital on a 
low roughage diet and has taken a distinct turn for 
the better, having more or less regular daily bowel 
movements at the present time. The periods of con- 
stipation that she has experienced since discharge 
have been related in a very clear manner to periods 
of either overwork, mental tension, or, as has fre- 
quently been the case, both. 
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CasE 6. This 36 year old patient entered the hos- 
pital on January 25, 1946, for the evaluation of 
chronic, epigastric pain concerning which a diagnosis 
had not previously been made. In the course of the 
investigation a differential spinal block was per- 
formed with an inlying balloon in the fourth portion 
of the duodenum. Prior to the onset of the block the 
sensory threshold was determined in terms of the 
number of cubic centimeters of air that it was nec- 
essary to inject in a given time in order to elevate the 
balloon pressure to a given level. The differential 
spinal block was instituted and carried upward until 
there was a vasomotor and sudomotor block in the 
upper as well as the lower extremities and there was 
a loss of the appreciation of pinprick up to the angle 
of the jaw. There was no loss of touch, position 
sense, or motor power. Throughout the procedure 
repeated determinations of the sensory threshold to 
duodenal distention were carried out (Fig. 4). At no 
time was there any change in the threshold of the 
sensation of duodenal distention. 


This case is presented in order to demon- 
strate the fact that the fibers carrying im- 
pulses which are concerned with the sensa- 
tion of intestinal distention are not influenced 
by that concentration of procaine capable of 
blocking sympathetic efferent and pinprick 
fibers. 


CasE 7. This 60 year old retired physician was 
admitted to the hospital for the study of intractable 
rectal pain of 20 years’ duration. During the pre- 
ceding 20 year period numerous rectal and bowel 
operations had been performed, including hemor- 
rhoidectomy, excision of anorectal scar tissue, re- 
duction of sigmoid intussusception, and sigmoid 
colostomy. In the course of the investigation of the 
rectal pain, a differential spinal block was performed. 
Block of vasomotorand sudomotor fibers was obtained 
in the upper as well as the lower extremities, and 
there was a loss of the appreciation of pinprick to the 
second thoracic segment. A balloon had been in- 
serted g inches up into the rectum, and at no time 
was there any diminution in the appreciation of 
rectal distention. There was no loss of position sense, 
touch, or motor power. 


The results indicate that the fibers carrying 
the impulses concerned with the appreciation 
of intestinal distention are not blocked by that 
concentration of procaine which is capable of 
blocking sympathetic efferent fibers in the 
subarachnoid space. 

Two other sets of data, not included here, 
confirm the above impression that visceral 
afferent fibers carrying impulses concerned 
with intestinal distention are relatively large, 
heavily myelinated fibers. 














of | 
is 
1e 


yn 
1€ 
1€ 
C- 
1€ 


til 
1e 
as 
le 
on 
re 
to 
10 
he 


as 
le 

re- 

vel 

or- 
re- 
id 
od. 
ed 
nd 
he 
in- 
me 


se, 
ng 


on 
at 


he 


re, 
ral 
ed 


Be, 








SARNOFF ET AL: 


RESULTS 


The results may be summarized as follows: 

1. Following the block of visceromotor fibers 
to the intestinal tract by a differential spinal 
block, definite evidence of increased propulsive 
and co-ordinated bowel activity was obtained 
in 3 patients, Cases 1, 3, and 5. In Case «, 
this consisted of the increased height and fre- 
quency of contractions as determined by the 4 
balloon intestinal tube. In Cases 1 and 3, the 
evidence consisted of a dramatic change in the 
appearance of the abdomen, and the passage 
of flatus and feces. In one of these patients, 
Case 3, a subsequent differential spinal block 
was ineffective while the patient was under 
the influence of a narcotic. Of the remaining 
patients studied for bowel activity, the first, 
Case 2, had a disappearance of severe pain 
while under the influence of that concentration 
of procaine in her subarachnoid space which 
was incapable of interrupting the sensation of 
pain from distention. Presumably, therefore, 
her relief was due to an alteration in, or better 
co-ordination of, bowel activity. The last re- 
maining patient, Case 4, had no change in the 
activity of the intestine from which the in- 
testinal balloon was recording, but had a de- 
cided change in the appearance of her abdomen 
following the block. 

2. That visceral afferent fibers (subserving 
the sensation of distention) are not blocked by 
that concentration of procaine hydrochloride 
capable of blocking sympathetic efferents, was 
demonstrated by Cases 6 and 7. Two addi- 
tional patients, studied with the conventional 
type of spinal block, confirmed these data. 


DISCUSSION 


Previous investigations with differential 
spinal block (18, 19, 20, 21) have been aimed 
in part at clarifying the morphology of the 
fiber size of the nerve roots in the subarach- 
noid space. The evidence cited in the fore- 
going cases would indicate that visceromotor 
fibers are of about the same size and degree of 
myelination as other sympathetic efferents. 
This is in accord with Gaskell’s early observa- 
tions that preganglionic sympathetic efferents 
are all of about the same size (10). The vis- 
ceral afferents on the other hand would seem 
to be larger, more heavily myelinated fibers, 
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since impulses carried over them were not 
blocked by that concentration found to be 
capable of causing an efferent block. It is 
interesting in this connection that Sheehan 
and Edgeworth demonstrated the presence of 
myelinated afferent fibers in the mesentery of 
the human. This is of considerable interest in 
the study of the patients here presented, since 
it suggests that the relief obtained from the 
differential spinal block was not due to the 
block of afferent impulses concerned with the 
sensation of distention. The rational pre- 
sumption would then be that it was rather 
due to the alteration of a disordered motor 
function, a correction of dyskinesia. 

It is not the purpose of this report to present 
the merits of sympathectomy in this group of 
cases. When the follow-up period has been 
adequate, a detailed report dealing with the 
whole symptom complex and etiology will be 
published by the gastrointestinal service of 
this clinic. The above cases, however, indicate 
the ease with which intestinal dyskinesia can 
be confused with acute mechanical obstruc- 
tion. They likewise demonstrate the use of a 
sympathetic block in abolishing the obstruc- 
tive attack and clearly demonstrate the par- 
ticipation of a neurogenic component. 

The diagnosis of neurogenic intestinal ob- 
struction may be an exceedingly difficult one 
to make without the proof conferred by the 
results of some sort of sympathetic block. The 
chronicity of the complaint with a history of 
many minor as well as several major episodes 
is characteristic. These patients were all diag- 
nosed as being neurotic with varying degrees 
of hypochondriasis. All our patients but one 
were women, and had undergone multiple 
laparotomies. Under other conditions most of 
them would probably have had further ab- 
dominal exploration for lysis of adhesions. 
One cannot help wondering whether some of 
the so called chronic adhesion formers who are 
subjected to multiple laparotomies would not 
benefit from an appraisal of the autonomic 
component. Sometimes the “point of obstruc- 
tion” is not defined at laparotomy as precisely 
as might be desired and little is gained by the 
laparotomy other than the anesthesia to which 
the patient is subjected. As often as not, this 
is spinal anesthesia. 
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One may be called upon to use a differential 
spinal block in connection with this group of 
patients under two different sets of circum- 
stances. The first is exemplified by Case 2, in 
which the visceral disorder was not life threat- 
ening, and additional abdominal surgery was 
not considered at that time. The second type 
is exemplified by Case 1, in which the clinical 
picture was not sufficiently clear to rule out an 
acute, organic, mechanical obstruction. It 
would seem wisest, under these circumstances, 
to set the patient up for laparotomy with a 
continuous spinal needle in place and induce a 
full spinal anesthesia. A period of 60 to go 
minutes will suffice to bring about the passage 
of flatus and feces, and a dramatic change in 
the appearance of the abdomen will occur if 
the obstruction has a significant neurogenic 
component. In retrospect, the last laparotomy 
performed on the patient of Case 1 would 
almost certainly have been avoided if this 
course had been pursued. 

It is important to omit the administration 
of morphine and atropine or scopolamine. For, 
as Helm and Ingelfinger have pointed out, 
these drugs inhibit the usual increase in bowel 
activity induced by spinal anesthesia, pre- 
sumably by a direct effect on the bowel itself 
(12, 13). The fact that morphine can quali- 
tatively alter the response of the bowel to a 
sympathetic block is of help in the interpreta- 
tion of Case 3. At the time she was given the 
last differential spinal block, the results of 
which were not impressive, she was heavily 
under the influence of a narcotic, although the 
exact drug was not determined. The patient 
was transferred from the Emergency Ward, 
where the block was performed, to the Psychi- 
atric Ward where all medication was with- 
held, and the intestinal distention gradually 
passed off. 

It is interesting to speculate on the nature 
of the abdominal distention that occurred in 
Case 1 from the fourth to seventh postopera- 
tive days. It has long been known that in 
patients subjected to a preganglionic sympa- 
thectomy of the extremities for vasospastic 
disease, a period of autonomic activity occurs 
sometime in the first 10 days, usually from the 
third to the seventh. This period carries with 
it a distinctly lowered skin temperature and 
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increased sweating of the denervated extrem- . 
ity. The nature of this postoperative post- 
ganglionic activity has recently been eluci- 
dated by Smithwick (25). Since the intestinal 
sympathectomy done in this patient was in 
part preganglionic, it seems not unlikely that 
the observed intestinal quiescence from the 
fourth to the seventh postoperative days was 
due to activation of the decentralized post- 
ganglionic fibers, just as is the vasospasm and 
sweating of the sympathectomized extremity. 
This intestinal phenomenon has been noted in 
patients sympathectomized for hypertension 
(24). 

The untoward sequelae of a differential 
spinal block are much the same as those of the 
full spinal block. It is usual to observe a fall 
in blood pressure as the procaine ascends to 
the higher reaches of the subarachnoid space 
(19, 20, 21). This technique has been used in 
over one hundred patients for varying pur- 
poses related to the study of autonomic func- 
tion, especially hypertension. The fall in 
blood pressure has always been readily con- 
trolled by placing the patient in the head down 
position when it became advisable to do so. 
Nausea and vomiting may occur, and ceases 
soon after discontinuing the infusion. Spinal 
headache occurs as after any lumbar puncture. 
One patient had mild meningeal irritation for 
2 days following a differential block. No other 
serious sequelae have occurred. 

It is conceivable that the increase in bowel 
activity engendered by a spinal block in a 
patient with mechanical intestinal obstruc- 
tion may result in a perforation. However, 
the widespread use of spinal anesthesia for 
surgery on obstructed patients is evidence of 
the relative safety of this procedure. 

A long enough period has not yet elapsed to 
allow of the critical evaluation of the merits 
of sympathectomy in these. patients. It is 
hoped, however, that the procaine block of 
visceromotor fibers to the intestinal tract will 
provide a degree of prognostic accuracy for 
visceromotor disorders which the block of 
vasomotor fibers provides in vasospastic dis- 
ease. 

CONCLUSIONS 

1. Visceromotor fibers to the intestinal tract 

are of about the same size and degree of mye- 
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lination as other sympathetic efferent fibers 
in so far as this similarity is indicated by 
their relative susceptibility to procaine hydro- 
chloride. 

2. Block of sympathetic efferent fibers to 
the intestinal tract was followed by a definite 
increase in propulsive bowel activity and co- 
ordination of transport in 3 of the 5 patients 
studied, and a probable alteration in bowel ac- 
tivity in the remainder. 

3. .Visceral afferent fibers subserving the 
sensation of distention are relatively large, 
myelinated axones in so far as this is indicated 
by their relative refractoriness to procaine 
hydrochloride. They are not blocked by that 
concentration capable of interrupting sym- 
pathetic efferents (vasomotor, sudomotor and 
visceromotor) and fibers carrying the apprec- 
iation of pinprick. 

4. Impulses traveling over autonomic nerves 
can contribute significantly to the production 
of a syndrome consisting of distention, obsti- 
pation, tympanites, fecal vomiting, and cramp- 
like abdominal pain which can be easily con- 
fused with acute, mechanical, intestinal ob- 
struction. This type of neurogenic obstruction 
may be sufficiently obscure to precipitate num- 
erous abdominal interventions and the patient 
finally falls into that category labelled “the 
multiple laparotomy syndrome.” 

5. The conventional type of full spinal block 
and a differential spinal block are of value in 
relieving this type of bowel obstruction, and 
in helping to establish the diagnosis. The dif- 
ferential spinal block is more specific as an in- 
vestigative tool inasmuch as the fibers carry- 
ing distention pain are not interrupted. The 
alteration of bowel activity is therefore pre- 
sumably due to a block of visceromotor fibers. 
It has the added advantage of allowing the 
patient to use her abdominal musculature in 
expelling colon contents at the peak of intest- 
inal activity. 

6. Impulses arising in the autonomic nerv- 
ous system may be important in colonic atony 
as seen in the adult, since block of the visceral 


efferents can greatly alter colon activity in 
such a patient. 

7. It is of great importance to withhold 
medication when attempting to augment in- 
testinal activity and transport by means of 
spinal anesthesia. 
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THE BIOLOGICAL CHEMISTRY OF WOUND HEALING 


I. The Effect of dl-Methionine on the Healing of Wounds in 
Protein-Depleted Animals 


S. ARTHUR LOCALIO, M.D., Med. D.Sc., F.A.C.S., MARGARET E. MORGAN, M.D., and 
J. WILLIAM HINTON, M.D., F.A.C.S., New York, New York 


HE tissues are dynamic structures 

with metabolic and catabolic phases 

proceeding concomitantly. The proc- 

esses of tissue synthesis and destruc- 
tion are chemical in nature. Proteins, nucleo- 
tides, lipids, carbohydrates, crystalloids, oxy- 
gen, water, enzymes, catalysts, and other fac- 
tors probably take part in these as yet poorly 
understood reactions. Following the infliction 
of a wound in a normal organism the chemical 
processes involved in tissue synthesis are ac- 
celerated and rapid healing results. In protein- 
depleted subjects these processes apparently 
are impaired and healing is delayed. 

Howes and his co-workers (14), studied the 
effect of complete starvation on the rate of 
fibroplasia in wounds of adult rats and con- 
cluded that complete starvation did not alter 
the healing curve. However, in young rats 
they found that complete or partial starvation 
did appreciably retard the rate of fibroplasia, 
and thus prolonged the proliferative phase and 
final healing. Clark noted that a diet high in 
protein shortens the lag period in the repair of 
experimental wounds. Harvey and Howes 
(13) noted no change in the lag period in 
protein-fed rats, but the velocity of fibroplasia 
and the proliferative phases were stimulated. 
Thompson, Ravdin, and Frank showed that 
the hypoproteinemic dog is incapable of nor- 
mal fibroplasia. Koster and Shapiro (17) and 
Koster and Kasman (16) have shown that 
hypoproteinemia is a factor in the faulty heal- 
ing of wounds that eventuate in disruption. 
Localio, Casale, and Hinton (20) stated that 
the lag period and the period of final healing 
were delayed in protein-depleted rats. Localio, 
Chassin, and Hinton (22) showed that deple- 
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tion of the tissue proteins was a factor in hu- 
man wound disruption. 

It is generally agreed that in animals and 
humans, protein depletion adversely affects 
the healing wound. Healing, although de- 
layed and abnormal in the protein-depleted 
subject, nonetheless does occur. There are 
many other factors that affect wound healing; 
these are reviewed elsewhere (20, 21), and are 
not a part of this study. 

It has been shown that the delayed healing 
of wounds in protein-depleted subjects can be 
corrected by the administration of high protein 
diets and hydrolysates (34). Madden (23, 24) 
and Rose (29, 30) have démonstrated that hu- 
mans and animals can be maintained in posi- 
tive nitrogen balance by the administration of 
synthetic amino acids as the sole source of 
nitrogen. Rose has accomplished this by the 
use of nine amino acids which are essential to 
rat growth. Although all of these amino acids 
are essential for the maintenance of nitrogen 
balance it has not been determined if all of 
them are vital for wound healing. It is un- 
likely that all of these amino acids take part 
in the healing of a wound; for some of the 
acids are necessary for functions not directly 
related to wound healing. A deficiency of 
lysine may cause menstrual irregularities in 
the female, and a deficiency of arginine in the 
male is followed by a low sperm count. These 
and other symptoms not directly related to 
wound healing are listed by Albanese as due 
to deficiency of specific essential amino acids. 

Hammett (11, 12), in experiments done on 
the growth of the carrot root, has shown that 
there is an increase in the number of the root 
cells if the sulfydryl (SH) group was added to 
the cultures. Baker believes that glutathione, 
a sulfydryl compound, is a growth stimulating 
substance. Croft and Peters (9, 10) and 
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TABLE 1.—EXPERIMENTAL MATERIAL 















































Number of animals 
Days | Total 
Ser Normal ongtliceite Methionine — 
I 5 ° 5 10 
2 5 6 7 18 
3 5 6 8 19 
4 5 7 7 19 
5 5 7 7 19 
6 5 7 6 18 
7 5 6 7 18 
8 5 10 7 22 
9 5 7 6 18 
10 ° 7 7 14 
Not operated 
upon 20 20 
Totals 65 63 67 105 














others (3, 6, 26) indicate that in rats and dogs, 
dl-methionine spares nitrogen; however, this 
has not been confirmed for man (8, 15). Be- 
cause it contains the sulfydryl radical, because 
it spares nitrogen in animals, and because it is 
an essential amino acid, methionine was cho- 
sen as the first amino acid to be tested. 


MATERIAL 


Young white adult male rats of pure Wistar 
strain, purchased from a commercial breeder, 
were used in the experiments. The first group 
of 65 animals were normal controls. The sec- 
ond group of 63 animals were depleted and 
rendered hypoproteinemic by means of diet. 
The third group of 67 animals were depleted 
exactly as group 2. After 5 weeks of depletion 
and during the course of wound healing, these 
animals received dl-methionine (Table I). 


METHODS 


The methods used for the determination of 
the tensile strength of the experimental wounds 
have previously been reported (18). Aseptic 
wounds exactly 3 centimeters in length were 
made to the right of the mid-line in the upper 
abdomen of the animals. The wounds were 
closed with interrupted sutures of No. 36 
Pilling stainless steel wire. Animals were sac- 
rificed daily from 1 to 10 days, and the tensile 
strength of the wounds determined by dis- 
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TABLE II.—PRESSURE NECESSARY TO CAUSE 
DISRUPTION OF ABDOMEN OF ANIMALS NOT 
OPERATED UPON (CONTROLS) 








7 { . 
J : sure in mm. || \: ‘ : 
No. of animal | Pressure in || No. of animal Pressure in mm 





















































of mercury | of mercury 
I 83 | II 93 
2 98 i| 12 108 
3 93 | = 95 
4 | 87 a 96 
5 101 | as II5 
a <_< | = 
7 | gs ow |g 
a 8 | 96 18 104 snienh 
9 | 93 10 | __ 108 
10 | 98 20 III 





Total animals, 20; mean tensile strength, 97.7 millimeters; standard 
error of the mean, 1.75 millimeters. 


tending the peritoneal cavity with air and 
measuring the bursting pressure of the wound 
in millimeters of mercury. 

The control group of animals were main- 
tained on a basal ration of purina “chow.”’ 
The second and third groups of animals were 
placed on a diet consisting of 10 per cent carrot 
powder, 5 per cent crisco, 3 per cent agar, 1 per 
cent salt; water was permitted ad libitum. 
Vitamins were not added to the diet. The diet 
contained 0.23 per cent nitrogen. Animals in 
group 2 were maintained on this diet for 5 
weeks and then were operated upon. Animals 
were sacrificed daily, heart blood was with- 
drawn for total protein determination, and 
the tensile strength of the wound was deter- 
mined. 

Animals in group 3 were depleted and tested 
as were those in group 2. However, each ani- 
mal received 150 milligrams of dl-methionine 
dissolved in sterile distilled water, adminis- 
tered subcutaneously daily for a period of 10 
days. The last injection of methionine was 
given 24 hours before the animal was sacrificed. 
Animals destroyed on the tenth day received 
methionine daily starting with the day of oper- 
ation. Animals sacrificed on the fifth day re- 
ceived methionine 5 days before operation and 
5 days after operation. Animals sacrificed on 
the second day received methionine for 8 days 
before operation and 2 days after operation, 
etc. In this fashion all animals had received a 











108 


100 


90 


80 


70 


60 


50 


40 


30 


20 





0 1 2 


3 4 


5 6 7 8 9 10 DAYS PO. 


Fig. 1. Mean tensile strength of abdominal wounds in 
normal rats, x ——x——; hypoproteinemic rats « . 
and in methionine-treated hypoproteinemic rats o—|—|—o. 








total of 1,500 milligrams of methionine 24 
hours before they were destroyed. Methionine 
was not administered to any animal until 5 
weeks of dietary depletion had been completed. 


RESULTS 


Table II, taken from previously published 
work (19) lists the maximum tensile strength 
in millimeters of mercury that can be applied 
to the abdominal cavity of normal unoperated 
control animals. The limiting factor is the 
tensile strength of the pelvic peritoneum. Ata 
mean tensile strength of 97.7 millimeters of 
mercury, disruption of the pelvic peritoneum 
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TABLE IIl.— DATA ON NORMAL WOUNDS 



































iat No. of animals necenay to PB 
I 5 65 All in wound 
2 5 64 All in wound 
3 5 52 All in wound 
4 5 75 All in wound 
5 5 87 One in wound 
6 5 96 None in wound 
7 5 96 None in wound 
8 5 98 None in wound 
9 5 oI None in wound 

10 ° 














occurs and higher mean pressures therefore 
cannot be applied to the wound. In animals 
operated upon where disruption has occurred 
in the pelvic peritoneum, and not the wound, 
we have considered the wound healed. In 
some of the hypoproteinemic and dl-methio- 
nine animals, the pelvic peritoneum disrupted 
at pressures appreciably less than 97.7 milli- 
meters of mercury. In these wounds the ten- 
sile strength is that recorded, plus an unknown. 

Table III, from a previous publication (19), 
lists the mean tensile strengths of the wounds 
of normal operated animals. Tables IV and V 
list the weight loss, total proteins, and the 
mean tensile strengths, respectively, of wounds 
of the protein-depleted animals and of the 
protein-depleted animals receiving methionine. 

Figure 1 is constructed by plotting the mean 
tensile strength of the wounds of normal ani- 
mals, of the protein-depleted animals, and of 
the protein-depleted animals which received 
methionine. The comparative lag periods for 
the 3 groups are: 3 days for the normal, 7 days 
for the protein-depleted, and 1 day for the 
protein-depleted plus methionine. Table VI 
lists the percentage of wounds that could be 
disrupted in each of the three groups for the 
total period of 10 days of the experiment: nor- 
mal 37 per cent, protein-depleted 73 per cent, 
methionine 36 per cent. The number of ani- 
mals in each day in the three series is not 
strictly comparable. However, the differences 
between the methionine-treated and untreated 
depleted animals is so great that the minor 
differences in the numbers of animals are not 
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TABLE IV.—DATA ON INDIVIDUAL BURSTING PRESSURES ON EACH POSTOPERATIVE DAY 


FOR HYPOPROTEINEMIC RATS 























































































































































































































































































































































































































— = — {= —— —— errr — ae SSeS coe ee ee 
Days | No. of | Bursting Mean Site of | Weight | Total I] Days No. of | Bursting Mean Site of | Weight | Total 
postop-| 4 hima} | Pressure bursting disrup- | loss— protein—-|| postop- kal pressure bursting disrup- | loss— /protein— 
erative mm. Hg.| __—pressure tion grams |grams %| erative mm. Hg. pressure tion grams jgrams % 
2 370 20 Wound} 60 4.00 6 166 42 44.20 Wound | 80 5.50 
plus 
371 35 Wound] 50 4.30 273 58 minus 27-9 | Wound | 60 4.40 
375 45 34-17 Wound 60 4.10 7 184 48 Wound 88 4.62 
378 35 plus 7.93 Wound 7° 5.00 185 40 Wound 72 4.86 
minus . - oo . 
379 40 Wound 7° 4.00 225 58 47 Wound 68 3.90 
+ 380 30 Wound 60 3.00 227 78 a all 17.46 | Pelvis 84 2.70 
— 229 4 Wound} 6 3.20 
3 172 18 Wound | 100 6.20 : : 
6 Wound bo 230 24 Wound; 80 3.10 
173 3 oun: 5.30 | 
= - 8 208 58 Wound 104 5.38 
174 22 27.83 Wound 64 6.00 - | 
: 209 50 Wound | 92 4.39 
178 16 plus 9.46 Wound 80 5.40 - 
———-| minus * 235 72 Wound | 96 5.10 
372 40 Wound 60 4.00 —_—_—. | 
a oe 237 74 Wound} 80 5.50 
374 35 Wound} 50 4.30 62.8 - 
239 50 3 Wound| 68 5.10 
4 133 16 Wound} 80 3.70 241 64 = all 10.54 | Pelvis | 72 5.90 
144 34 Wound | 80 3.10 || 246 60 Wound 64 4.00 
150 12 33-13 Wound | 84 | 4.00 | 248 64 Pelvis | 72 4.00 
151 12 plus 46 : Wound | 76 | 4.01 || 249 | 60 | Pelvis | §2 4.30 
minus 77-9 | | —-- - —'— —— ee 
188 56 Wound | 110 4.80 || 250 | 86 | | Pelvis | 72 5.80 
193 14 Wound| 116 | 6.20 || 9 | 385 | 7° | | Pelvis | 80 4.20 
211 88 Wound | 72 4.50 386 | 60 | | Pelvis | go 4.20 
5 138 12 Wound | 78 4.14 387 | 5s | sh57 | Iliac | go 5.00 
213 44 Wound | 60 4.19 || 3890 | 60 | “— , Pelvis | 70 4.30 
| as On eg Oe eee 
214 20 38.0 Wound 68 5.14 305 | 55 | — Wound | go 4.20 
219 62 = ll 19.25 | Wound| 80 5.09 | 306 | 60 | Pelvis | 100 _ 4.60 
220 18 Wound 76 4.69 | 397 | 60 Pelvis | go 5.10 
223 56 Wound| 68 | 5.80 || 10 382 | 80 | Pelvis | 60 4.00 
224 54 Wound 74 5.50 383 | 60 | Pelvis go 4.30 
6 157 43 Wound 96 5.53 384 | 8 | 70.0 Pelvis 100 4.30 
158 63 Wound 92 4-44 401 65 Wound go 5.10 
44-29 plus 7.07 |— 
163 24 ples 6 Wound 76 5.09 402 70 , Iliac 90 4.40 
_ : Il. ———_ . $$ | —__—_—_ — 
16c 38 — Wound} 104 4.51 403 70 Pelvis 60 4.40 
165 42 Wound 80 | 5.80 404 65 Pelvis | 70 4.20 






































significant. Statistical comparison of the nor- 
mal and protein-depleted rats (Table VII) 
shows a significant difference in the tensile 
strength of the wounds between the normal 
and the protein-depleted animals, from the 
second to the ninth days, the wounds in 
the protein-depleted rats being significantly 
weaker than. in the normal. 

Similar statistical comparison between nor- 
mal animals and methionine-treated depleted 


animals indicates that the tensile strength of 
the methionine wounds is significantly less 
than the normals, on the first, sixth, seventh, 
eighth and ninth days. However, on the sixth, 
seventh, and ninth days, no wounds disrupted. 
On the eighth day, two wounds disrupted. 
Since the tension required to produce a rupture 
of the pelvic peritoneum in the methionine ani- 
mals is less than normal, a fair comparison of 
wound strengths on these days is not possible. 


586 


SURGERY, GYNECOLOGY AND OBSTETRICS 





TABLE V.—DATA ON INDIVIDUAL BURSTING PRESSURES ON EACH POSTOPERATIVE DAY 


FOR METHIONINE—TREATED RATS 





























































































































































































































































































































































































































Y — _ — ————— — —— ———— SS — — ——— — ne 
Days Bursting Mean Site of | Weight | Total Days | No. of Bursting Mean Site of | Weight | Total 
postop-} No. of | pressure bursting disrup- | loss— |protein—|| postop- imal | Pressure bursting disrup- | loss— |protei 
erative | animal | mm. Hg. pressure tion grams |grams %|| erative | *!™ Imm. Hg. pressure tion grams |grams % 
I 304 55 Wound 110 3-3 6 300 75 Pelvis 60 5.60 
390 4° 41.0 Wound 60 4.0 301 80 Pelvis 55 6.00 
301 45 plus Wound 7O 5.2 302 75 75.0 Pelvis 80 5.10 
a ; 7-37 —7 
302 35 moms Wound | 90 4.40 311 70 plus 6 3g | Pelvis 75 4.10 
- minus ~* 
B04 30 Wound 7O 4.40 312 65 Pelvis 70 4.00 
2 327 70 Wound | 100 4-5 313 85 Pelvis 7° 4.60 
328 80 Wound 80 3.6 — 
4 = 7 306 75 Tliac 99 5.0 
350 75 63.57 Wound 65 4.5 - 
‘ - 308 55 Pelvis 105 4.2 
354 50 plus Wound 7oO 4.5 ~ = 
——_ =~ 10.59 3 70 iac 90 3-2 
355 “DB bes Wound| 60 | 4.2 74.29 
—— 310 85 Pelvis 120 4.3 
| 356 60 Wound 50 4-3 plus on:36 
330 80 minus ~~" Iliac 80 4.5 
357 55 Wound 5° 4.1 - 
—|— - 332 go Pelvis 80 4.6 
3 | 319 7° Pelvis 65 4.20 - cones = 
—— 333 5 elvis 4-4 
320 85 Wound} 80 4.30 
| 321 75 Wound 80 4.60 8 286 80 Pelvis 83 3-7 
| 322 7° 75-63 Wound 7° 4.20 388 78 Pelvis 102 4.1 
346 85 ll 6.82 | Pelvis 90 4.30 290 65 76.17 Wound 72 4.1 
347 65 Wound} 80 4.30 305 65 plus Wound | 115 3.0 
—_—| —___—__ A 7.31. |————_| ——__|_——- 
348 85 Wound | 70 5.00 307 85 — Pelvis 100 4.6 
349 7° Pelvis 60 5.10 417 Pelvis 100 4.1 
4 | 196 76 Pelvis 152 4-44 415 Pelvis 80 4-4 
197 64 Wound | 108 3-19 9 353 95 Pelvis go 4-3 
205 68 72.29 Pelvis 48 5.28 352 90 Tliac 60 4.1 
292 58 plus Wound 719 3.90 405 80 89.17 Pelvis 100 4-3 
— oo b 5.21 |- —— ~ 
204 55 anes Wound] 65 3-65 407 go > 4.48 | Iliac 7° 5.0 
335 go Pelvis 80 4.60 109 go Pelvis 70 4-4 
339 75 Wound 80 4.50 416 go Iliac 80 4.5 
5 180 85 Pelvis 100 5.80 10 360 80 Iliac 80 4.2 
181 76 Pelvis 72 4.44 361 85 Pelvis go 4.2 
316 65 78.71 Pelvis 55 5.00 362 go 96.73 Tliac go 4-4 
323 7° plus Iliac go 5.00 365 120 plus P Iliac 80 4.2 
—— —. $es =” 14.08 |————- — 
324 85 snus Pelvis 140 4.60 366 105 — Pelvis 50 4.0 
325 85 Wound 50 5.00 367 85 Nliac 80 5.0 
340 85 | Iliac 100 4.40 | 368 110 Tliac 70 4.1 


















































On the second, fourth, and fifth days, the 
period of proliferation, there is no significant 
difference, and on the third day the methio- 
nine-treated wounds had a significantly greater 
tensile strength. 

Table IV lists the statistical comparison of 
the hypoproteinemic animals untreated and 
treated with methionine. The tensile strength 





of the methionine-treated wounds is signifi- 
cantly greater on all days from the second to 
the tenth except the eighth. On this day the 
methionine-treated wounds are not signifi- 
cantly stronger. However, the “‘t” value noted 
was 2.54, which is only 0.41 from a critical 
level, which would indicate a statistically 
significant difference. 
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TABLE VI.—INCIDENCE OF WOUND DISRUPTIONS AS PERCENTAGE OF TOTAL DISRUPTIONS 

















































































































Normal Methionine treated Hypoproteinemic 
Day No. Wound fo Day No. Wound % Day No. Wound % 
” rats disruptions} disruptions : rats disruptions} disruptions « rats disruptions) disruptions — 
I 5 5 100 I 5 5 100 I | ° | ° 
2 5 5 100 2 7 7 100 2 | 6 6 | 100 
3 5 5 100 3 a 8 5 63 3 i 6 — oe Ss “| 100) 25 
4 5 5 100 4 | 7 a | = 4 | 7 | 7 | wo | 
5 5 I 20 | § : - I 14 ‘te ts 100 
6 5 ° ° 6 6 | ° ° 6 7 7 | 100 
7 $s ° ° 7 7 | © | © 7 | 6 | 5s | & | 
8 5 ° ° 8 7 | 2 | 29 om a 10 6 | 60 
9 E o | o | 9 6 | o | o | o | 7 | «+ | wm 
13to62 | (10) ©) | ° 10 7 | o (| ° 10 | og 1 | 14 
Total 55 21 | 38.2 67 | a | 36 63 | 46 | 73.1 
DISCUSSION 


Wound healing in the protein-depleted rat 
proceeds with a prolonged lag period, a pro- 
longed proliferative period, and delayed final 
healing. These results are in keeping with 
previous data (20) and coincide with numer- 
ous clinical observations (28). 

The data further indicate that in protein- 
depleted rats the administration of one amino 
acid, dl-methionine, can shift the curve of 
healing toward normal in spite of the fact that 
the animals are maintained on a depleting 


diet, and they remain depleted as shown by 
the level of the total proteins. The lag period 
of methionine-treated rats appears shorter 
than normal. The proliferative period does not 
follow the normal curve, for there is little gain 
in tensile strength between the fourth and 
eighth days. However, since many of these 
methionine wounds did not disrupt, no fair 
estimate can be made of the wounds’ maximal 
tensile strength on these days. A comparison 
of methionine-treated and untreated animals 
shows a marked difference between lag pe- 


TABLE VII.—STATISTICAL COMPARISON OF DAILY RESULTS OF TENSILE STRENGTH TESTS IN 


NORMAL AND IN HYPOPROTEINEMIC RATS 









































Days . Mean bursting | y, . Degrees of t at critical fia 
postoperative Group pressure No. of animal S.D. t Srendoue lew Significance 

I N 65.0 5 2.2 | 
H ° 

2 N 64.2 5 6.2 6.24 9 3.25 S.L 
H 34.2 6 7-9 

2 N 51.8 5 1.7 5.04 9 3.25 S.L 
H 27.8 6 9.5 

4 N 74.6 5 3-5 3.12 10 g.9 S.L 
H 33-1 7 27.0 

5 N 86.8 5 3.6 5.11 10 3.17 S.L. 
H 38.0 7 19.3 

6 N 96.0 5 9.9 7.22 10 3-17 S.I 
H 44.3 7 12.0 

7 N 97.8 5 7-3 5.48 9 3-25 S.L. 
H 47.0 6 17.5 

8 N 91.0 5 5.1 5.02 13 3.01 S.L 
H 63.8 10 10.5 

9 N 99.8 5 3.2 16.35 10 3-17 S.L. 
H 58.6 7 4.8 





























N, normal]; H, hypoproteinemic. ; 
*Critical level of t equals .o1; at this level differences may be considered due to chance 1:100 times. 
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TABLE VUI.—STATISTICAL COMPARISON OF DATA 
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ON NORMAL AND METHIONINE-TREATED RATS 
BY DAYS POSTOPERATIVELY 
















































































Days Mean bursting | ,; . Degrees of t at critical — 
postoperative Group pressure No. of animals S.D. t Gcnlien: level* Significance 
I N 65.0 5 2.2 6.30 8 3.36 S.L. 
M 41.0 5 7.4 
2 N 64.2 5 6.2 1.00 10 3.17 N.S.L. 
M 63.6 7 10.6 
3 N 51.8 5 1.7 7.16 ~ “@ 3-11 S.G. 
M 75.6 8 6.8 
4 N 74.6 5 3-5 0.68 10 3.17 N.S.L. 
M 72.3 7 5.2 
5 N | 86.8 5 3.6 1.89 10 3-17 N.S.L. 
M | 78.7 7 7-9 
6 N 96.0 5 9.9 4.17 10 3-17 S.L. 
M 75.0 7 6.4 
7 N 97.8 5 7.3 3.66 10 3-17 S.L. 
M 74.3 7 Ir.2 
8 N | QI.0 5 5.1 3.69 9 3-25 S.L. 
| M : —_ 70.2 7 6 7.3 ae 
9 N | 99.8 | 5 2.2 | 4.56 10 3.17 SL. 
= Ss M 89.2 7 i 4-5 














N, normal; M, methionine-treated. 
*Critical level of t equals .o1; at this level differences may be considered 


riods, and it is only during the eighth day 
when the proliferative period of the untreated 
hypoproteinemic animals gets under way that 
these two groups of wound strengths begin to 
approach each other. 

It is unlikely that one amino acid can sup- 
ply the building stones for so complicated a 
chemical structure as the proteins of the fibro- 
blasts healing the wound. A working hypothe- 


TABLE IX.—STATISTICAL ANALYSIS COMPARING 


due to chance 1:100 times. 


sis must be sought to explain our results. The 
depleted animals in this study demonstrate 
delayed wound healing, yet the wound did 
heal eventually, in spite of the fact that post- 
operatively the animals were maintained on a 
protein-deficient diet. The protein building 
stones for healing were not administered to 
these animals, and hence they must obviously 
have originated from within the animal or- 


HYPOPROTEINEMIC RATS WITH METHIONINE- 


TREATED RATS BY DAYS POSTOPERATIVELY 




































































Days | Groups | Mean bursting | ,; : Critical —_ 
postoperative | compared | pressure | No. of animals S.D. t 2 | level* Significance 
-_— | = 34-17 6 | 7-9 5.1 II q 3-11 S.G. 
M | 63.6 | 7 | 10.6 ‘ 
3 | H 27.8 6 9.5 10.14 12 } 3.06 S.G. 
| M | 73.6 | 8 68 
4 | H 33-1 7 | 27.0 3.49 12 | 3.06 S.G. 
M 72.3 7 | 5.2 
5 H | 38.0 7 | 19.3 4-79 12 3.06 S.G. 
|} M 78.7 7 7.9 
6 | H | 44.3 | 7 10.2 5.17 II 3.11 S.G. 
M 75.0 6 | 6.4 
7 H 47.0 6 17.5 3-13 II 3.11 S.G. 
M 74-3 | 7 11.2 
8 H 63.8 10 10.5 2.54 15 2.95 N.S.G. 
M 76.2 7 7-3 
9 H 8.6 7 4.8 10.85 It 3.11 S.G. 
| M | oe 6 4-5 : 
10 | H | "70.0 | 7 7.1 7.8 12 | 3.06 S.G. 
| oM | 96.7 7 14.1 














H, Rgpepssteincnniss M, methionine-treated. 
*Critica 


level equals .o1; at this level differences may be considered due 


to chance 1:100 times. 
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ganism. Preoperatively the stores of protein 
in the liver (1), and tissues were largely de- 
pleted, hence we may assume that Nature, in 
her desire to heal the wound, has called upon 
the proteins of other cells for material. Mason 
(25) has stated that ‘‘the urge to heal is equal 
to the urge to live; Nature will surmount all 
obstacles to close a wound.” Morgan in 1906 
(27) showed that a starved salamander could 
regenerate an amputated limb as rapidly as a 
well-fed animal. Regeneration occurs at the 
expense of other cells of the organism, and the 
starved animal suffers atrophy of all its organs. 

How can we account for the results obtained 
following the administration of dl-methionine? 
Dl-methionine must supply to the wound some 
factor which is not readily available or not 
available in sufficient quantities in the mate- 
rials which the organism is able to supply to 
the healing wound. Dl-methionine is the only 
essential amino acid containing the sulfydryl 
radical. If we reason that the sulfydryl (SH) 
radical is the chemical group that the depleted 
organism cannot supply to the healing wound 
in sufficient quantities, and that without it the 
lag period of wound healing is delayed, then 
we must search for a local wound function for 
the sulfydryl radical. 

Barron and Singer have shown that there 
exists in a protein molecule, certain bonds and 
groups in the side chain without whose in- 
tegrity enzyme activity does not exist. Of 
these groups the electronegative sulfydryl (SH) 
group has been shown to be of much impor- 
tance. They have shown that many of the 
reactions of the metabolic cycle are catalyzed 
by SH enzymes. Further that chemical block- 
ing of the SH group of these enzymes with 
alkylating agents, iodoacetamide, mercaptide- 
forming agents, and organic arsenicals causes 
inhibition of enzymatic activity. The addi- 
tion of excess SH groups in the form of glu- 
tathione dispels the inhibition and enzyme ac- 
tivity proceeds. Stevenson and White in an 
experiment in rat growth showed that the 
administration of iodoacetic acid to the intact 
animal interfered with growth. They believe 
this to be due to the inhibition of SH enzymes. 
The addition of ]-cystine, l-homocystine, and 
dl-methionine, all of which supply SH groups, 
permit growth to proceed unhindered. There- 


fore, since chemically many of the metabolic 
enzymes can be inactivated by blocking of the 
SH groups with suitable compounds, and since 
rat growth can be arrested similarly, and since 
wound healing and growth are closely allied 
processes, we offer the following as a working 
hypothesis: the protein-depleted animal, al- 
though able to obtain building stones for heal- 
ing from sources within the body, cannot 
obtain a sufficient number of sulfydryl (SH) 
groups from these sources. DI-methionine 
supplies these SH groups to the depleted ani- 
mal and wound healing can proceed in a more 
nearly normal fashion. Further, the SH en- 
zymes appear to exert their most important 
function during the early stages of healing. 
Without this enzyme activity, the lag period 
of healing is prolonged; with it, it is shortened. 
Experiments are now in progress to test the 
effect of other amino acids and of SH groups 
of other compounds on wound healing. The 
effect of dl-methionine in the healing of wounds 
in the depleted human is also being studied. 


CONCLUSIONS 


1. Protein depletion in rats causes a pro- 
longed lag period, a slowed proliferative pe- 
riod, and a delay of final healing. 

2. Parenteral administration of dl-methio- 
nine to protein-depleted rats shifts the curve 
of wound healing toward normal. The lag pe- 
riod is decreased, final healing is accelerated, 
in spite of continued protein depletion. 

3. A hypothesis is outlined indicating that 
the sulfydryl (SH) radical is deficient and not 
readily available to the wound of the protein- 
deficient rat, and deficient SH enzyme activity 
may be one of the reasons for delayed healing. 
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TUMORS OF THE TESTICLE 





HANS R. SAUER, M.D., ERNEST M. WATSON, M.D., F.A.C.S., and EUGENE M. BURKE, 
Buffalo, New York 


HE diverse views expressed by var- 

ious authors in attempting to classi- 

fy testicular tumors have not made 

_ the discussion of this subject easy. 

A study of the literature indicates that various 

investigators are using different terms for the 

description of identical lesions, and, on the 

other hand, identical terms are being used for 
the description of different types of tumors. 

The inadequacy of some of the heretofore 
advanced classifications is an undisputed fact. 
Pathologists and clinicians alike have applied 
a variety of descriptive terms to various types 
of testicular tumors and the detection of some 
unusual cell elements in certain neoplasms has 
often induced an investigator to complicate 
the already existent classification by the in- 
troduction of new subclassifications. This 
fact has resulted in the creation of cumber- 
some, and at times, confusing nomenclatures. 

However, it appears that recent investiga- 
tions may have contributed materially to 
clarify our conception of the clinical and histo- 
pathological aspects of the disease. During 
the war, it was possible to study a large num- 
ber of patients with testicular tumors at var- 
ious United States Army Hospitals and an 
even larger number of specimens at the Army 
Institute of Pathology. 

Friedman and Moore, who had the oppor- 
tunity to study 922 testicular neoplasms at 
the Army Institute of Pathology, have ad- 
vocated a simplified classification, which, if 
found feasible, would contribute greatly in 
establishing a common understanding among 
pathologists and urologists. They arrived at 
the conclusion that only 4 basic structural 
patterns were encountered in the majority of 
all tumors of the testicle. These cell patterns 
were described as seminoma, embryonal car- 
cinoma, chorioepithelioma and _ teratoma, 


From the Roswell Park Memorial Institute (Dr. Louis C. 
Kress, Director) and the Department of Urology, Medical 
School, University of Buffalo, Buffalo, New York. 


591 


which may occur either alone or in combina- 
tion. It was found that 96 per cent of the 922 
cases fell into one of these categories, 3 per 
cent were considered too rare to be classifi- 
able and 1 per cent consisted of interstitial 
cell tumors. In accordance with these state- 
ments, the following simplified classification 
was suggested: (1) seminoma, (2) embryonal 
carcinoma, (2a) chorioepithelioma, (3) adult 
teratoma, (4) teratocarcinoma or teratosar- 
coma. 
PATHOLOGY 

In adopting this classification, we grouped 
our cases according to the following criteria. 

Seminomas are monocellular tumors which 
consist of rounded polyhedral cells. Clear 
cytoplasm is the rule, but variants with dark 
staining cytoplasm may occur. The hyper- 
chromatic and irregular nuclei are usually 
centrally located and their chromatin is evenly 
distributed. Seminomas grow in solid sheets, 
although a pseudoglandular appearance may 
be simulated as a result of separation of tumor 
masses by trabeculation of connective tissue. 
Lymphoid stroma may be absent or present in 
various amounts within the tumor bed (Fig. 
1). 

Embryonal carcinomas are tumors composed 
of embryonal type cuboidal or columnar cells 
which are larger than those of seminomas. 
The nuclei are large, their location within the 
cell varies, and their chromatin is distributed 
in irregular masses. The differentiated part of 
the tumor is glandular in character, often 
assuming papillary formation; however, the 
undifferentiated areas are found to grow in 
solid sheets. In many cases, embryonal car- 
cinoma is associated with seminomatous tis- 
sue. Both cell types may then be found grow- 
ing apart or closely intermingled. It is com- 
monly observed that embryonal carcinoma in- 
vades seminoma tissue aggressively, while it 
is found that seminoma respects tissue planes 
as it enlarges. Also, choriocarcinoma ele- 
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TABLE I.—AGE DISTRIBUTION 

Age group years No. cases Per cent 
grr ee area 12 5-9 
ee ; 59 29.2 
| ee mes ~ 78 38.7 
Pe ree yes : 32 15.8 
ree ee : 14 6.9 
60-70...... 5 2.5 
EE ere ree ee rae 2 1.0 
ee eee ; 202 100.0 


Average age: 33 years 


ments may be associated with embryonal car- 
cinoma or with embryonal carcinoma plus 
seminoma (Fig. 2). 

Chorioepitheliomas present a distinctive pic- 
ture. They are comprised of compactly 
packed cytotrophoblastic cells and giant 
multinucleated syncytial structures which 
form an abortive reproduction of the placen- 
tal villi. Extensive necrosis and areas of 
hemorrhage are often encountered in this 
type of neoplasm (Fig. 3). 

Adult teratomas consist of differentiated 
adult structures which show marked variation 
in the type of tissue produced; however, they 
may present certain embryonal characteris- 
tics of ectoderm, entoderm, and mesothelial 
structures. Cysts, both dermoid or epider- 
moid, plugs of muscles, etc., comprise the 
majority of these structures. 

Teratocarcinomas present the complex pic- 
ture of an adult teratoma associated with a 
variety of malignant cell groups. The tera- 
toid elements may occur in conjunction with 
either seminoma or embryonal carcinoma and 
also in combination with embryonal carcino- 
ma plus seminoma (Fig. 4). 

It is not the purpose of this presentation to 
take sides in the controversy about pathogen- 
esis and value of various classifications of testi- 
cular neoplasms, but an attempt will be made 
to determine to which extent such a simpli- 
fied classification, as advocated by Friedman 
and Moore, may be considered feasible to 
form a basis for the correlation of histo- 
pathological findings, clinical course, and bio- 
logical behavior of these tumors. Since our 
investigations are based on a comparatively 
large amount of clinical material which has 
been observed during a 25 year period, it is 
felt that such a study would be of value inas- 
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much as only a few patients of Friedman and 
Moore’s series were followed for more than 1 
year. 

During the time from January 1, 1922 to 
December 31, 1946, 215 patients with testicu- 
lar tumors were admitted to the Roswell Park 
Memorial Institute. Thirteen of these cases 
were omitted from this study because it was 
impossible to obtain the slides for review. The 
remaining 202 cases, which form the basis of 
this report, were reclassified in accordance 
with the criteria adopted by the Army Insti- 
tute of Pathology. In doing so, we were well 
aware of the limitations of such a procedure, 
which in many cases permitted review of only 
a part of the tumor, whereas, study of serial 
sections is imperative in testicular neoplasms 
to obtain the greatest degree of accuracy. 
However, with the pathological material at 
our disposal, it was found that the classifica- 
tion in these cases more or less agreed with 
the clinical and biological behavior which 
could be anticipated in the type of lesion diag- 
nosed. 

In using Friedman and Moore’s classifica- 
tion, our material fell into the following 
groups: 


No. Percent 


NN 55 ick cma eat es ee hose ae morn 04 46.9 

Embryonal carcinoma.................. 70 34.6 

ee 1.5 

III, ooo: 6.400 wo pcmnndasseawrie 27 13.4 

rer err ree 5 2.5 

IN oa bss seine Ratner aieeD 3 E§ 
INCIDENCE 


Study of our data indicated that testicular 
tumors comprised 1.5 per cent of all malignant 
neoplasms of approximately 15,000 male pa- 
tients admitted to the Roswell Park Memorial 
Institute. It was found also, that tumors of 
the testis represented about 9.5 per cent of 
over 2,000 malignant neoplasms of the male 
genitourinary tract. 

The right testicle was involved in 114 pa- 
tients (56.4%) and the left in 88 (44.6%). 
This observation is in agreement with reports 
by other investigators who noted a similar de- 
gree of difference in the sides affected (Barner, 
Dean, Nesbit and Lynn). No instances of 
bilateral testicular tumors were observed in 
our patients. 
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Fig. 1. Seminoma. 
AGE 
The average age in our series of 202 pa- 
tients was 33 years. However, it was found 
that patients with seminoma belonged to an 


older age group (38.9 years, average) than 
those with embryonal carcinoma or terato- 





Fig. 3. Chorioepithelioma. 
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Fig. 2. Embryonal carcinoma. 


carcinoma (29.9 years, average). Over two- 
thirds (67.9%) of our patients were between 
20 and 40 years of age. It was also noted that 
testicular tumors in patients under 20 years 
of age were more commonly encountered in 
cases of embryonal tumors (10%), while they 





Fig. 4. Teratocarcinoma. 





TABLE II.—SYMPTOMS 











pone aoe oa i Miscel- | Total 
cinoma | noma 

Painless swelling | 68 | 38 | 17 | 5 | 123 
Painful swelling j 22 ; 27 7 : 5 F - 61 
Weight loss a "45 17 5 % 37 
Backache ; w@ 15 5 |g 
Abdominal pain _ 10 7 | 3 2 | 22 
Undescended testicle | 6 | 6. 1 | a3 
Hydrocele | 3 a... * <.h« 














were quite infrequent in cases of seminoma 
(2%) (Table I). 


SYMPTOMS 


Study of our material revealed that in over 
half of our patients (51.19%) diagnoses were 
made within the first 6 months after onset of 
symptoms. However, contrary to expecta- 
tions, it was found that the time elapsing be- 
tween the first symptom and the establish- 
ment of a diagnosis had no significant effect 
on the end-results. Fifty-seven or 53.3 per 
cent of 107 patients in whom the lesion was 
recognized within less than 6 months died of 
the disease, as compared to 33 or 44.6 per 
cent of 74 patients in whom the growth had 
existed for more than one-half year before 
the diagnosis was made. In 1g of the latter 
74 patients, the disease had been present for 
over 2 years prior to its recognition, yet in on- 
ly 9 or 47.4 per cent of them was there a fatal 
termination. 

Analysis of our data indicated further that 
the duration of symptoms was longest in the 
group of seminomas (12.8 months, average). 
It was shortest in patients with teratocarci- 
noma (6 months, average), and somewhat 
longer in patients with embryonal carcinomas 
(8.4 months, average). The character of symp- 
toms most frequently encountered in our 
series of cases is summarized in Table II. 
Enlargement of the testicle represented the 
most common complaint. Our observations 
were that painless swelling was associated 
more frequently in tumors of the seminoma 
group, while painful enlargement occurred 
more often in patients with embryonal carci- 
noma or teratocarcinoma. A history of co- 
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incidental trauma was elicited from 39 pa-. 


tients. 

Other symptoms, such as weight loss, ab- 
dominal pain, backache, and also persistent 
cough, with or without bloody sputum, in- 
dicated a grave prognosis since they usually 
represented evidence of distant metastases. 
Accordingly, these signs predominated in the 
groups of embryonal carcinomas and terato- 
carcinomas. 

The possibility of malignant degeneration 
in an undescended testicle has been reported 
to be 20 times greater than in normal cases 
(Hinman and Benteen, 11, Nash and Laddy). 
It is of interest in this connection, that 13 or 
6.8 per cent of our 202 patients had cryptor- 
chidism, a somewhat lower incidence than is 
usually reported (Dean, 14.3%, Grevillius, 
13.3%, Chevassu, 11.7%, Nash and Laddy, 
8.7%). Although no definite explanation can 
be advanced for this finding, it has been sug- 
gested by Ewing and others that some bio- 
logic inferiority might be associated with tu- 
mor formation in these cases. 


DIAGNOSIS 


Early recognition of testicular neoplasms 
presents no great difficulty in the majority of 
the cases so long as the possibility of such a 
disease is kept in mind. The history of an in- 
sidious, though sometimes rapid, enlargement 
of the organ, often associated with a dragging 
sensation on the affected side should arouse 
one’s suspicion, and, if examination reveals 
a smooth, or in some instances, an irregular 
tumor mass, which can usually be differen- 
tiated from the epididymis, the lesion should 
be considered malignant until proved other- 
wise. However, in a certain number of pa- 
tients, the diagnosis may be less obvious. 
Associated hydrocele, hematocele, or cyst 
formation may obscure the true clinical 
picture. Gumma, tuberculosis, orchitis, and 
torsion of the cord must be borne in mind as 
diagnostic possibilities. 

In addition, one has to remember that met- 
astatic tumor formation in the testis may 
simulate a primary lesion. Bandler and Roen 
have recently reported a case in which a met- 
astatic hypernephroma simulated a primary 
testicular neoplasm and we have observed a 
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Fig. 5. a, Small teratocarcinoma within normal testicular substance, causing car- 
cinomatosis. b, Large left supraclavicular metastatic lymph node. c, Moderately ex- 
tensive multiple lung metastases and mediastinal involvement. d, Lateral displace- 
ment of left ureter due to preaortic metastases. 


somewhat similar case in which the thyroid 
was the site of the primary lesion. In 1 in- 
stance, we even found that painless tumefac- 
tion in both testicles was the first manifesta- 
tion of an acute leucemia. Metastatic tumor 
growth in the testicle has lately been detected 
more often following the introduction of 
castration for the treatment of prostatic can- 
cer. 

Exploratory operation, and not watchful 
waiting, is the procedure of choice if the diag- 


nosis is in doubt. In no cases should biopsy or 
needle puncture be resorted to as a means of 
establishing the diagnosis, because such a 
procedure would destroy the continuity of 
the capsule and facilitate dissemination of 
tumor cells. 

More serious diagnostic difficulties are en- 
countered at times, if the tumor arises in an 
undescended testicle. Particularly in a pa- 
tient with an intra-abdominal testicle, the 
neoplasm may assume considerable size be- 








Fig. 6. Schematic drawing showing that lymphatics of 
the testicles drain into abdomino-aortic and external iliac 
lymph nodes. 


fore it produces symptoms. Pain in the lower 
abdomen and groin represent the usual mani- 
festations, but there are certain cases in 
which the primary tumor remains symptom- 
less and the first and only evidence of the 
disease is produced by the development of 
distant metastases. Under these conditions, 
it is often difficult to recognize the nature of 
the disease. In any case, malignant degenera- 
tion of an undescended testicle should be in- 
cluded in the differential diagnosis of certain 
cases of metastatic carcinoma of unknown pri- 
mary origin, especially when metastases are 
found in the retroperitoneal space, lungs, or 
left supraclavicular region (Fig. 5, a, b, c, d). 
A positive Aschheim-Zondek test may be of 
value in the establishment of the diagnosis in 
certain cases; however, in others, an intra- 
abdominal testicle cannot be definitely iden- 
tified as the site of the primary tumor before 
postmortem examination. 


METASTASIS 


Metastatic spread of the disease occurs al- 
most invariably by way of the lymphatics 
(Fig. 6). Rouviére has demonstrated that 
the lymph trunks of the testicle ascend along 
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Fig. 7. Direct extension of testicular tumor into scro- 
tum. 


the blood vessels of the spermatic cord. At 
the crossing point of spermatic vessels and 
ureter, the lymph vessels become separated 
from the internal spermatic artery and empty 
into the abdomino-aortic nodes. From there, 
further dissemination may take place by way 
of the thoracic duct with potential involve- 
ment of mediastinum, lungs, supraclavicular 
nodes, etc. In addition, a connection of testi- 
cular lymphatics and external iliac nodes has 
been described; however, it has been pointed 
out by Rouviére and others that these lymph 
vessels are not always present. Since there 
exists no connection between testicular lym- 
phaticsand inguinal nodes, it must be concluded 
that metastatic involvement of these nodes 
can occur only as the result of direct extension 
of the primary tumor into scrotal tissues 
(Fig. 7). 

When searching for possible metastases, 
the general pattern of metastatic dissemination 
must be kept in mind. While metastatic in- 
volvement of superficial lymph-bearing areas 
is readily detected, and, while metastases to 
lungs or mediastinum are quite reliably dem- 
onstrated by x-ray examination, some diffi- 
culty may be encountered in recognizing pos- 
sible retroperitoneal metastases. Excretory 
urography, which in certain cases must be 
supplemented by retrograde pyelography, is 
often essential accurately to complete the 
diagnostic procedure, since lateral displace- 
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TABLE III.—SITE OF METASTASES IN II7 





PATIENTS 
| 
Semi- | Embry- | Terato- | Miscel- | Total 
|} noma |. laneous 117 
cinoma | noma | a 
| 47 so 14 6 | patients 
patients patients | patients patients 

Preaortic nodes 30 30 —Cé| 10 «(| 2 | 87 
Lungs 10 31 | 9 6 56 
Groins and spermatic 15 8 | I | 3 | 27 

cord | | 

— : | 

Left supraclavicular | 10 9 | 2 21 

nodes. } | 
Mediastinum |} I 9 | 20 
Liver | 2 13 I 16 
Iliac fossa 10 4 7 I | 15 
Bones I 3 | | | 4 
General carcinoma- 10 19 | 7 | ys | 

tosis 








ment of the ureter may indicate the presence 
of pre-aortic node involvement where palpa- 
tion fails (Cahill). 

Metastases were demonstrable in 117 or 
57-9 per cent of our 202 patients. One hun- 
dred and eight of them had metastases at the 
time of admission and g developed metastat- 
ic lesions subsequently. The incidence of 
metastases was highest in the group of embry- 
onal carcinomas (51 or 72.9% of 70 patients), 
which is consistent with their tendency to in- 
vade the adjacent structures aggressively. In 
contrast, metastatic lesions occurred less fre- 
quently in the group of seminomas (47 or 
50% of 94 patients), which often respect tis- 
sue planes as they enlarge. 

In the over-all picture of metastases, the 
abdomino-aortic nodes were involved most 
frequently (87 cases) and no material differ- 
ence was found in the frequency of their 
occurrence between the various types of 
testicular neoplasms. However, there was a 
significant difference in the occurrence of 
parenchymal metastases. While metastases 
of seminomas remained confined to pre-aortic 
or iliac nodes in the majority of the cases, it 
was apparent that the parenchymal organs, 
particularly the lungs, were the site of met- 
astatic lesions most often in cases of embry- 
onal carcinoma, teratocarcinoma or chorio- 
epithelioma. It ensues that general carcino- 
matosis was encountered more frequently in 
the latter group of cases (Table ITI). 
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TABLE IV.—TIME INTERVAL BETWEEN FIRST 
SYMPTOM AND DEVELOPMENT OF DEMON- 
STRABLE METASTASES 








_ | Embry- | feteanias ; 
Semi- onal | cous | Miscel Total Per 
noma | carci- iain laneous “| cent 
noma 

Under 6 mos 16 | 30 | a 2 52 445 
7 —1I2 mos. 10 5 4 I 20 | 17.1 
I -1'% yrs. 6 | 2 2 I II 0.4 
114-2 yrs. 4 3 I 8 6.8 
Over 2 yrs. 7 | 9 3 19 16.2 
Not determined 4 2 I 7 6.0 
47 51 15 4 117 | 1000 





Further study of the occurrence of metas- 
tases indicated that the time elapsing between 
the onset of symptoms and first recognized 
metastases was less than 6 months in 52 or 
44.5 per cent of the 117 cases. During the 
second 6 months the incidence dropped to 20 
or 17.1 per cent. From then on, a more 
definite decrease was noted (9.4% in from 1 
to 1% years, 6.8% in from 1% to 2 years), 
but after a 2 year period, metastases still 
occurred in 19 or 16.2 per cent of the patients. 
(In 7 cases, the time interval could not be 
determined.) A seemingly significant obser- 
vation was that metastases developed much 
earlier in the embryonal carcinoma group 
(58.8% of 51 cases during the first 6 months) 
than in the seminomas (34% of 47 cases 
during the first 6 months) (Table IV). 

Of the 117 patients with metastases, 95 
(81.2%) died of the disease. The average 
duration of life after onset of symptoms was 
23.2 months. It was longest in patients with 
seminoma (26.2 months), and shortest in the 
teratocarcinoma group (16.6 months). 


TREATMENT 


The generally accepted procedures in the 
treatment of testicular tumors are surgery 
and external irradiation. Preoperative deep 
x-ray therapy of the primary tumor has been 
generally abandoned because it is considered 
of doubtful value for the following reasons: 
(1) Regional or distant metastases or both 
may develop while the patient is undergoing 
treatment; (2) a sterilizing tumor dose will 
render a histological diagnosis of malignancy 
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impossible; and (3) certain types of testicular 
tumors are radioresistant. 

Removal of the primary tumor immediately 
following diagnosis is always indicated, regard- 
less of presence or absence of metastases. 
This procedure is justifiable in the presence of 
metastases because it eliminates a potential 
source of infection and possible further dis- 
semination of viable tumor cells from the 
primary focus. 

In carrying out orchidectomy, the spermat- 
ic cord should be freed, ligated, and cut at 
the level of the iaternal inguinal ring following 
which the testicle and cord are removed en 
masse. 

The value of routine retroperitoneal lymph 
node dissection as a means to improve re- 
sults is still undecided. This type of operation 
has generally been carried out by Hinman 
(10), as well as Chevassu and others. In more 
recent years, however, with the improvement 
in the technique of irradiation therapy, Hin- 
man and Powell’s (12) indications for the 
radical operation have undergone certain 
revisions in favor of radiation. This is espe- 
cially so in the group of the more radiosensi- 
tive seminomas. Further support to this view 
is expressed by Nash and Laddy, who state 
as follows: “‘At present, it (radical orchidecto- 
my) seems to be reserved only for those pa- 
tients who have malignant testicular tumors, 
who are in good physical condition, without 
evidence of metastases, and who have a radio- 
resistant tumor, either with or without hor- 
mone in the urine.”’ 

Recent investigations by Lewis have stim- 
ulated a renewed interest in this controver- 
sial subject. During the past few years, 
Lewis had the opportunity to treat and follow 
up a large number of patients who were 
treated in three different ways; namely, or- 
chidectomy plus irradiation, radical orchi- 
dectomy plus irradiation, and radical orchi- 
dectomy alone. Lewis, himself, has stated 
that the follow-up is as yet too short to per- 
mit definite conclusions, but his investigations 
when completed will be of great value inas- 
much as they are apt to determine the supe- 
riority of any one of the 3 methods in the treat- 
ment of the various types of testicular tu- 


mors. 
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the radical operation followed by x-ray thera- 
py should be reserved in general for patients 
with the more radioresistant neoplasms, while 
simple orchidectomy plus irradiation should 
be employed in the group of radiosensitive 
seminomas. 

Postoperative .x-radiation is indicated in 
all patients, regardless of absence or presence 
of metastases. If no metastases are demon- 
strable, treatment is given over 3 separate 
areas; namely, lower abdomen and groin of 
the affected side, epigastrium, and mediasti- 
num. Not less than 2000 r (with backscatter) 
should be delivered to the depth of each of 
these areas in cases in which histologic and 
biologic behavior suggests a radiosensitive 
neoplasm. But more than 2ooor should be 
delivered in tumors of the more radioresistant 
group. 

If metastases are present at some other 
location, these should be treated first. It 
often is then indicated to cross-fire through 
multiple fields in order to insure maximum ir- 
radiation effect at the site of the lesion. In 
these cases, it is important to keep in mind 
that treatment of the metastatic focus must 
be followed by irradiation of the groin, ret- 
roperitoneal space, and mediastinum. In 
other cases, in which metastases are found in 
mediastinum or abdomino-aortic nodes, ir- 
radiation should be given first to the lesion 
most distant from the primary tumor. 

It is desirable in these cases to hospitalize 
the patients while they are under treatment 
and close co-operation between radiologist 
and urologist is essential in determining dos- 
age, field size, and irradiation technique for 
each individual case. During treatment, the 
effect of x-ray therapy on metastases must be 
evaluated by daily examinations, supplement- 
ed by x-ray films when necessary, and the 
plan of treatment must be modified as re- 
quired by response or failure of therapy 
(Fig. 8,aandb). In certain cases, it may also 
become necessary to direct additional treat- 
ment toa previously uninvolved area, because 
new metastases may develop, while old ones 
are still being irradiated. 

It is imperative in these cases to deliver in 
one course an adequate amount of irradiation 


For the present, we are of the opinion that. 
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Fig. 8. a, Extensive multiple metastases to both lungs before deep x-ray therapy. 
b, Few metastatic foci remain, but elevation of right diaphragm suggests liver involve- 
ment. 


to metastases in order to accomplish their dis- 
appearance when possible. While it is un- 
doubtedly true that some seminomas show 
satisfactory response to dosages of less than 
2000 r, it has been our observation that others 
require more to obtain similar results (Table 
V). This statement is borne out by the fact 
that 42 or 79.2 per cent of 53 metastatic pa- 
tients receiving less than 2000 r showed little 
or no response to treatment as compared to 
9 or 19.1 per cent of 47 patients receiving in 
excess of 2000 r. These figures indicate that 
even in apparently radiosensitive tumors, a 
dosage of under 2000 r should not be consid- 
ered an adequate amount in the treatment of 
metastases. It has more recently become our 
practice therefore, to deliver larger dosages 
(2500 to 3500 r) in order more effectively to 
influence the course of the disease. 

Our studies have led us to believe that 
success or failure of irradiation therapy, par- 
ticularly in metastatic cases, depends almost 
entirely upon two factors; namely (a) radio- 
sensitivity or responsiveness of the tumor and 
(b) proper technique of irradiation and ade- 
quate dose delivered during one course of 
treatment. If metastases fail to respond, or, if 
they recur following a period of disappearance, 
palliation only has been accomplished and 
little or nothing can be expected from subse- 
quent irradiation therapy. The same state- 
ment applies for those patients who develop 





metastases following an initial course of pro- 
phylactic deep x-ray treatment (Nesbit). 
Also, the introduction of supervoltage irra- 
diation has not materially altered the progno- 
sis in these cases. 

The great majority of our patients were re- 
ferred to the Roswell Park Memorial Insti- 
tute after they had undergone simple orchi- 
dectomy elsewhere and only 14 of the patients 
were admitted with the primary lesion still 
present. Seven of them were nonmetastatic 
at the time of operation and the other 7 had 
distant metastases. The method or methods 
of treatment employed were consistent in 
general with the principles aforementioned. 


END-RESULTS 


The end-results obtained in our series of 
202 patients are summarized in Table VI. 


TABLE V.—EFFECT OF RADIATION DOSAGE IN 
I00 PATIENTS WITH METASTASES 











- i i 
Tempo- | Marked | ;- | 
Cure | Tay dis-| tempo- | yong | Total 
appear- | rary re- vial 
ance | gression —— | 
Under 1ooor | s | 2 
1000-1999r 7 I eS 7 ee Te 
2000-3000r 10 10 4 3 27 
Over 3000r } 2 4 8 6 | 2 
19 <= | oo 51 | 100 








Complete failure: 42 or 79.2% 


% of 53 patients receiving under 2000r. 
9 or 19.1% of 47 


patients receiving over 2000r. 
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VI.—END-RESULTS IN 202 CASES OF 
TESTICULAR TUMORS 


TABLE 





—— 
5 | Alive | Lost 


. Yied | . 
yee a Fa yn with | trace | Total 
| | causes | © | disease | o 
Seminoma 33 2 50 3 | 04 
| | = 
Embryonal |} 460 | | 23 i 
carcinoma | | | 
Teratocarcinoma | 12 | 12 2 I 27 : 
Choriocarcinoma 2 I | | . = 
Adult teratoma | I 2 | I 5 
Miscellaneous : | I I 3 
05 | 3 | 96 2 é 202 





Over-all cures: 96 or 47.5% of 202 patients. 
5 year cures: 70 or Pe 9% of 143 patients admitted before 12-31-41. 
10 year cures: 35 or 34.7% of lot patients admitted before 12-31-36. 


Ninety-six patients are alive and well, 2 are 
alive with the disease, 95 died of the disease, 
3 died of other causes, and 6 were lost trace 
of. This represents an over-all cure rate of 
47.5 per cent, a 5 year cure rate of 48.9 per 
cent (70 of 143 patients admitted before De- 
cember 31, 1941), and a ro year cure rate of 
34.7 per cent (35 of tor patients admitted 
before December 31, 1936). 

Our figures indicate further that, regardless 
of the type of tumor, death of the disease oc- 
curred most often during the first 2 years 
after onset of symptoms. The mortality rate 
for this period was 68.4 per cent (65 patients) 
with an approximately equal number of deaths 
occurring during the first (35 cases) and sec- 
ond year (30 cases). Hence, the death rate 
showed a precipitous decrease to about 10 
per cent for each of the following 3 years 
(9.40% during 3rd and 4th year, 10.4% during 
5th year). Only 3 patients who survived the 
5 year period died of the disease after 6, 7, 
and 11 years respectively. It ensues that any 
study based on 2 year follow-up is subject to 
over 30 per cent error, while any study based 
on 5 year follow-up is subject to only 3 per 
cent error. Accordingly, one is justified to 
conclude that any patient surviving 5 years 
and more can be considered almost safe from 
the possibility of recurrent disease. 

An analysis of the end-results obtained in 
the various types of tumors revealed that the 
end-results were most favorable in the semi- 
noma group (59.6% over-all cures), less favor- 
able in the teratocarcinoma group (44.4% 
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TABLE VII.—SEMINOMA 
END-RESULTS 




















T T r 
. Died . 
Died of Alive Lest |... Per 
disease —_ and well | trace of Total cent 
No lymphoid 6 I 4 | 11.7 
stroma | ‘| 
Little lymphoid 12 1 | 25.5 
stroma | 
Moderate lymph- 9 at I 34 36.2 
oid stroma 
Abundant lymph- 6 I 26.6 
oid stroma 
33 2 56 | 3 | 04 | 100.0 





Over-all cures: 56 or 59.6% of 94 patients. 


5 year cures: 39 or 57.4% of 68 patients admitted before 12-31-41. 


10 year cures: 22 or 44.5% of 49 patients admitted before 12-31-36. 


over-all cures), and least favorable in the 
patients with embryonal carcinoma (32.9% 
over-all cures). The number of our patients 
with choriocarcinoma, adult teratoma, or mis- 
cellaneous cell type tumor was too small to 
permit conclusions. The results in these 
cases were in agreement with well-known 
facts which indicate that choriocarcinomas 
offer an extremely poor prognosis, while 
adult teratomas have a comparatively high 
survival rate. 


SEMINOMA 


Fifty-six or 59.6 per cent of our 94 patients 
with seminoma were alive and well at the time of 
writing with a 5 year cure rate of 57.4 per cent 
and a to year cure rate of 44.5 per cent. It 
was found that the prognosis in this type of 
neoplasm was influenced to a large extent by 
the amount of lymphoid stroma encountered 
in the tumor bed. Of 35 patients with semino- 
ma containing no or little lymphoid stroma, 
18 or 51.4 per cent died of the disease and 
15 or 42.8 per cent survived. In contrast, it 
was found that only 15 or 25.4 per cent of 59 
patients of the other group were dead and 41 
or 69.6 per cent were alive and well (Table 
VII). This confirms observations previously 
reported from this institution (Herger and 
Thibaudeau). 

It has been in the group of seminomas where 
irradiation therapy was found to be most effec- 
tive. Although some of these tumors proved 
to be radioresistant, there were others which 
were not only radiosensitive, but even radio- 
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TABLE VIII.—EFFECT OF SEMINOMATOUS 
TISSUE IN EMBRYONAL CARCINOMA ON 
PROGNOSIS 


























y he xm trace of | Total | cone 

Embryonal carcinoma 30 | 9 I 4° 57.1 
Embryonal carcinoma 16 | 14 30 42.9 _ 

plus seminoma | ian 

46 23 ia I | 70 | 1000 








Over-all cures in embryonal carcinoma: 9 or 22.5% of 40 patients. 
Over-all cures in embryonal carcinoma plus seminoma: 14 or 46.7% of 
30 patients. 


curable. Permanent disappearance of meta- 
static lesions was attained by deep x-ray 
therapy in 13 or 27.7 per cent of 47 cases. 
Eleven other patients responded either with 
temporary disappearance (6 cases), or marked 
temporary regression of metastases (5 cases). 


EMBRYONAL CARCINOMA 


Twenty-three or 32.9 per cent of 70 patients 
with embryonal carcinoma were alive and 
well at the time of writing with a 5 year cure 
rate of 35.7 per cent and a 10 year cure rate of 
26.8 per cent. However, analysis of these 
results revealed that the prognosis in this type 
of tumor was significantly influenced by pres- 
ence or absence of seminomatous tissue. The 
survival rate was 46.7 per cent in 30 patients 
with tumors comprised of embryonal carci- 
noma with seminoma, while it was only 22.5 
per cent in 40 patients with tumors consisting 
of embryonal carcinoma exclusively (Table 
VIil). 

In contrast to the seminoma group, our 
findings were that the amount of lymphoid 
stroma had no significant influence on the 
prognosis in patients with embryonal carci- 
noma, regardless of presence or absence of 
seminomatous tissue. 

The response of metastases to irradiation 
therapy was generally poor in patients with 
plain embryonal carcinoma, but appreciably 
better if the tumor contained an admixture of 
seminomatous cell elements. In 51 cases of 
metastatic embryonal carcinoma, only 5 or 
g.8 per cent showed permanent satisfactory 
response. Four of these patients had embry- 
onal carcinoma plus seminoma and only 1 had 
embryonal carcinoma exclusively. Thirteen 
other patients responded with either tempo- 


rary disappearance (7 cases) or marked tempo- 
rary regression of the metastatic lesions 
(6 cases). 


TERATOCARCINOMA 


The number of teratocarcinomas in our 
series was not large enough, in our opinion, to 
permit of a conclusive evaluation. Twelve or 
44.4 per cent of 27 patients were alive and 
well at the time of writing, with a 10 year cure 
rate of 14.3 per cent. (The 5 year cure rate in 
this group was 72.7 per cent, but, on account 
of the small number of cases, no significance 
should be attached to this coincidental figure. ) 
It was found that the type of malignant cell 
elements associated with the adult part of the 


-tumor did not alter the prognosis in the cases 


of our series. 

Teratocarcinomas are radioresistant with 
rare exceptions: Only 1, or 6.6 per cent of 15 
metastatic patients responded with permanent 
disappearance of metastases, while 4 showed 
either temporary disappearance (1 case) or 
marked temporary regression (3 cases). 


COMMENT 


It was one of the principal objects of our in- 
vestigations to determine to what extent it is 
possible to correlate histopathological findings 
and biological behavior of various testicular 
tumors. To this end, we adopted the recently 
advocated simplified classification of Friedman 
and Moore as a basis for our studies, although 
we were fully aware that this classification 
does not meet all the requirements to satisfy 
the embryologist, pathologist, and clinician 
alike. Nevertheless, in spite of certain short- 
comings, we considered this new classification 
helpful because of its simplicity and, if gen- 
erally accepted, it might promote a more com- 
mon understanding among various investiga- 
tors. 

We agree with Friedman and Moore that it 
is advantageous, for practical purposes, to 
omit a comparatively small group of rarely 
encountered neoplasms from a commonly 
used classification because the inclusion of 
these rare types of tumors must lead to con- 
fusion. In general, we have been able to con- 
firm their observations, which are that the 
great majority of testicular tumors follows 4 
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fundamental structural patterns which may 
occur either alone or in combination. How- 
ever, it must be understood that the term 
“embryonal carcinoma” embraces a consider- 
able variety of testicular tumors, which, de- 
pendent upon their constituent cell elements, 
exhibit different biological properties. For 
example, our investigations have shown that 
the presence of seminoma in combination with 
embryonal carcinoma makes for a better 
prognosis than if the tumor consisted of 
embryonal carcinoma only. This observation 
is contrary to the views of Friedman and 
Moore, who expressed the opinion that an ad- 
mixture of seminoma elements with embry- 
onal carcinoma does not affect the behavior of 
the tumor. 

While we favor the simplicity of Friedman 
and Moore’s classification, we are led to be- 
lieve that embryonal carcinomas should be 
divided into tumors consisting of embryonal 
carcinoma plus seminoma, and those of em- 
bryonal carcinoma in combination with other 
malignant cell structures. 

As a result of our investigations, we have 
arrived at the following conclusions regarding 
prognosis: It is best in patients with adult 
teratoma or seminoma, particularly those that 
contain lymphoid stroma. It is less favorable 
in patients with teratocarcinoma or patients 
with embryonal carcinoma plus seminoma, 
with both of these groups having approxi- 
mately an equal cure rate. The outlook is un- 
favorable in patients with tumors consisting 
of embryonal carcinoma with or without an 
admixture of chorioepithelioma, and even 
worse in patients with plain choriocarcinoma. 

In addition to the evaluation of the histo- 
logical picture of testicular tumors, the Asch- 
heim-Zondek test may be a valuable adjunct 
in determining the prognosis in certain cases. 
While a negative result is of limited signifi- 
cance, a diagnostic positive test indicates al- 
most invariably, a grave prognosis. 

The preceding outline of prognosis indicates, 
in a large measure, the degree of response 
which can be expected from deep x-ray ther- 
apy. Our findings were that favorable end- 
results were obtained almost entirely in pa- 
tients with seminoma or those with embryonal 
carcinoma plus seminoma. In contrast, the 


results of irradiation therapy in the other types 
of testicular neoplasms were generally poor. 
If almost complete disappearance or marked 
temporary regression of metastatic lesions 
occurs in this group of cases, it is thought to 
be due to effectiveness of x-radiation on that 
part of the tumor which is comprised of radio- 
sensitive cells. Recurrent enlargement in 
these cases results from the surviving radio- 
resistant cells, which explains that a second 
course of deep x-ray therapy is usually much 
less effective. 


SUMMARY 


A review of 202 testicular tumors observed 
during a 25 year period is presented. In 
adopting the simplified classification of the 
Army Institute of Pathology (Friedman and 
Moore), the tumors were grouped as follows: 
seminoma (94), embryonal carcinoma (70), 
choriocarcinoma (3), teratocarcinoma (27), 
adult teratoma (5), and miscellaneous cell 
type tumors (3). 

Metastases occurred in 117 or 57.9 per cent 
of the cases. Their incidence was highest in 
patients with embryonal carcinoma (72.9%) 
and lowest in those with seminoma (50%). 
While metastases from seminomas remained 
quite often confined to the abdomino-aortic 
nodes, it was the rule that embryonal carci- 
nomas and teratocarcinomas metastasized 
also to the parenchymal organs. 


Orchidectomy with regional lymphnode dis-. © 


section, followed by deep x-ray therapy, is 
advocated in the treatment of radioresistant 
testicular tumors and simple orchidectomy 
plus irradiation is preferred in the group of 
the more radiosensitive seminomas. 

Indications, technique, and dosage of irra- 
diation therapy of testicular tumors are dis- 
cussed. If metastases are present, favorable 
end-results are obtained almost entirely in pa- 
tients with seminoma or those with embryonal! 
carcinoma plus seminoma. In _ contrast, 
response to x-radiation is generally poor in 
patients with metastases from the other types 
of testicular neoplasms. 

The end-results obtained are presented: 
Ninety-six (47.5%) are alive and well, 2 are 
alive with disease, 95 died of the disease, 3 
died of other causes and 6 were lost trace of. 
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The 5 year cure rate was 48.9 per cent and the 
10 year cure rate was 34.7 per cent. 

The following pattern of prognosis is pre- 
sented. The prognosis is best in patients with 
adult teratoma or seminoma, particularly 
those that contain lymphoid stroma. It is less 
favorable in patients with teratocarcinoma or 
patients with embryonal carcinoma plus 
seminoma. The outlook is much more unfav- 
orable in patients with tumors consisting of 
embryonal carcinoma with or without admix- 
ture of choriocarcinoma, and even worse in pa- 
tients with plain choriocarcinoma. 

In spite of certain shortcomings, the classi- 
fication of Friedman and Moore is advocated 
as feasible because of its simplicity and be- 
cause it is thought to promote a more common 
understanding among various investigators. 
However, in view of the difference in prog- 
nosis, it is suggested to divide embryonal car- 
cinomas into tumors consisting of embryonal 
carcinoma plus seminoma and those of em- 
bryonal carcinoma in combination with other 
malignant cell structures. 
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CORRECTION OF HYPOPROTEINEMIA BY THE 


ADMINISTRATION OF PLASMA AND BLOOD 


J. GARROTT ALLEN, M.D., F.A.C.S., GEORGE BOGARDUS, M.D., WILLADENE EGNER, B.S., 
and DALLAS B. PHEMISTER, M.D., F.A.C.S., Chicago, Illinois 


EVERAL recent authors consider that 
intravenous plasma therapy is not an 
efficient and practical means of elevat- 
ing the plasma proteins in the hypo- 

proteinemic patient (1, 3, 8, 11-13). This point 
of view is reflected in Elman’s (1) recent state- 
ment in which he concludes that: ‘‘As long 
as the surgeons are confronted with the patient 
who cannot take and assimilate adequate pro- 
tein nourishment through the gastrointestinal 
tract, the parenteral injection of appropriate 
amino acid mixtures is the only method of pre- 
venting and correcting protein starvation dur- 
ing such periods.”’ Further search of the lit- 
erature however suggests evidence that plas- 
ma and blood may be of value for this purpose. 

Holman, Mahoney, and Whipple (9) re- 
ported that dogs, on a nitrogen-free diet, 
when given intravenous plasma and sugar, 
were maintained in positive nitrogen balance. 
These animals metabolized the administered 
plasma without increased nitrogen loss, al- 
though only 3 to 15 per cent of the injected 
plasma protein remained in the circulation 7 
to 10 days after injection. They postulated 
that the remaining 85 per cent was recast as 
tissue protein without nitrogen loss. Specific 
human data of this type, in which large and 
repeated infusions of plasma have been ad- 
ministered, are insufficient to permit definite 
conclusions as to the efficacy of plasma in 
elevating the plasma proteins, etc. In a recent 
editorial on blood plasma, however, Snyder 
stated that, “In wartime, plasma was used 
extensively to correct and prevent hypopro- 
teinemia—it became routine practice to give 
these patients 500 to 1000 cubic centimeters 
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of plasma daily besides the whole blood 
needed. Plasma protein determinations by 
the copper sulfate specific gravity method in- 
dicated that 500 to 750 cubic centimeters of 
plasma daily were sufficient to maintain a 
satisfactory level in most patients of this sort.” 

We are reporting the results of a study in 
which the hypoproteinemic patients were 
given large volumes of plasma in an endeavor 
to elevate the plasma proteins. Whole blood 
was sometimes given to correct anemia, but 
in all but 2 patients the greatest source of 
parenteral protein was plasma. These last 2 
patients (1 and 8) were carried on plasma and 
blood to correct the preoperative hypopro- 
teinemia; later, when the hypoproteinemic 
state reappeared in the postoperative period, 
amigen was given instead of plasma, and the 
relative efficiencies of these two sources of 
nitrogen as corrective agents, were compared. 


METHODS 


The plasma proteins were determined in 
duplicate by the macro-Kjeldahl method (5). 
The daily nitrogen loss in the urine and stools 
was determined by the micro-Kjeldahl pro- 
cedure (5). When nitrogen loss was aug- 
mented by gastric aspirations or weeping 
wounds, these excreta were also taken into 
consideration. The hematocrit reading was 
made on heparinized blood centrifuged at 
2,800 revolutions per minute for 20 minutes. 
Hemoglobin determinations were measured in 
the Evelyn colorimeter (4). Plasma volume 
was measured by the Evans blue dye method 
(8), samples being drawn at 10, 20, and 30 
minutes after dye injection. Blood loss at 
operation was also considered, the principle of 
Gatch and Little being used (6). Erythrocyte 
and leucocyte counts were made daily. 

Six of the g patients reported here were in 
hospital rooms where facilities for metabolic 
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Fig. 1. 
Radicalmastectomy. 


Case 1, No. 402,257. 


studies were available. All food items taken 
orally and parenterally were recorded in terms 
of grams of nitrogen, carbohydrate, and fat. 
Various vitamin supplements were adminis- 
tered daily. Aside from the iron contained in 
the diet, no supplements of iron or liver were 
given. In these 6 cases it was possible during 
the greater part of the period of analysis to 
obtain complete collections of urine, stools, 
gastric juices, and to analyze these and the 
dressings for nitrogen loss. Three of the 9 
patients were not on nitrogen balance studies. 

Because of the critical nature of the hypo- 
proteinemic patient, it was felt that, where 
possible, oral feedings should be encouraged. 
In some cases either no food was ingested or 
the oral intake was meager. The amount of 
nitrogen taken by each patient has been tab- 
ulated and the route of administration is in- 
dicated. 


PRESENTATION OF DATA 


CasE 1. No. 402257. A 56 year old housewife had 
carcinoma of the left breast with metastases to both 
axillae. Over an 18 month period she had received 
a course of x-ray therapy that resulted in necrosis of 
the left breast. Her weight had remained constant 
and her dietary intake fair. 

Her hospital stay from the laboratory viewpoint 
was divided into seven periods, the nature of which 
are shown in Table I. The first period shows a 
prompt rise in the plasma protein concentration from 


SKIN GRAFT 


7 uw GS 0 20 2 2 23% 26 27 2 
favs 





- 
T DISCHARGED 
| t 


ASMA 1000CC 


¥ 
¥ 
8 
z 
§ 
2 
| 








SP PLasma woocc 
Sh PLasMma 1000 CC 
| 


@ PLASMA 1000 


33 


Plasma protein and plasma albumin record. 
Weight constant. 


5.1 grams per cent to 7.0 grams per cent after 3 days 
of plasma administration, totalling 4,400 cubic centi- 
meters. At the end of this period the total circulat- 
ing plasma proteins were increased from 97 grams to 
182 grams. The plasma volume was increased from 
1,970 cubic centimeters to 2,600 cubic centimeters 
and there was a positive nitrogen balance of 9.9 
grams. 

After radical resection of the left breast, complete 
skin closure was not possible, so that the dressings 
were moistened by the serosanguineous drainage. 
This drainage, coupled with the excretion of both 
urine and stool nitrogen, averaged 4.6 grams per day 
for 9 days, exactly offsetting the oral intake of 4.6 
grams nitrogen per day which was the only source of 
nitrogen given during this period. The total circu- 
lating plasma proteins were reduced from 212 grams 
to 169 grams, and the plasma protein concentration 
fell from 6.9 grams per cent to 5.9 grams per cent 
by the ninth postoperative day. 

On that day the wound was covered with a der- 
matome skin graft. For the next 6 days her oral 
nitrogen intake was reduced to 2.1 grams daily as her 
appetite had waned. She entered into a negative 
nitrogen balance averaging 4.0 grams per day, but 
without significant change in the total circulating 
plasma proteins or their concentration. Presumably 
her plasma proteins were being maintained at the ex- 
pense of the body proteins during this period. 

In an attempt to overcome the negative nitrogen 
balance, 5 per cent amigen and 5 per cent dextrose 
were given, the average being 1,400 cubic centimeters 
(or 11 gm. of nitrogen) per day for 8 days. The 
amigen, combined with a small daily oral nitrogen 
intake, resulted in a positive nitrogen balance of 1.7 
grams per day. Despite this, the plasma protein con- 
centration fell from 5.7 grams per cent to 4.8 grams 
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Fig. 2. Daily plasma protein and plasma albumin record in Case 2, No. 398,635. 
A gastroenterocolic fistula followed gastroenterostomy and patient lost 30 pounds. 


per cent. Plasma was then substituted for amigen, 
and 1,000 cubic centimeters (or 9 gm. of nitrogen) 
a day were given for 4 days, thereby restoring the 
plasma protein concentration from 4.8 grams per 
cent to 6.5 grams per cent and increasing the total 
circulating plasma proteins from 163 grams to 240 
grams. The positive nitrogen balance was increased 
froma daily average of 1.7 grams to 6.8 grams. Three 
days later she was discharged, at which time her 
plasma protein concentration still remained at 6.5 
grams per cent (see Fig. 1). 

CasE 2. No. 398635. A 29 year old male was 
admitted with a diagnosis of gastrocolic fistula of 10 
months’ duration complicating a stoma ulcer follow- 
ing a gastroenterostomy for duodenal ulcer. Un- 
digested food particles were present in the stools, and 
the patient had lost 13.5 kilograms (30 lbs.) in weight 
despite the fact that he had had a voracious appetite 
and had ingested large amounts of food. For con- 
venience of presentation his hospital stay has been 
divided into seven periods, as shown in Table I. 

The first was a control period of 4 days, in which 
the patient was allowed a full oral diet. An average 
positive nitrogen balance of 1.3 grams was achieved, 
and the plasma protein concentration was elevated 
from 4.6 grams per cent to 5.0 grams per cent. The 
total circulating plasma proteins were also essentially 
unchanged. 

During the second period of 6 days he was given 
daily infusions of plasma, totalling 7,100 cubic 
centimeters, in addition to his oral diet. The posi- 
tive nitrogen balance was increased from 1.3 grams 
per day to 14 grams per day. The plasma protein 
concentration was increased from 5.0 grams per cent 
to 7.1 grams per cent, and the total circulating 
plasma proteins were raised from 235 grams to 355 
grams. 


After closure of the fistula he received no nitrogen, 
either orally or intravenously, for 4 days during 
which time he was given glucose and saline. The 
result was a negative nitrogen balance of 13.3 grams. 
Some of this negative balance was due to the presence 
of gross blood in the stool. During this time the total 
circulating plasma proteins declined from 355 grams 
to 306 grams, and the plasma protein concentration 
fell from 7.1 grams per cent to 6.0 grams per cent. 
In the next, or fifth period, the patient was given oral 
feedings with an average daily intake of 8.2 grams of 
nitrogen for 7 days. The plasma protein concentra- 
tion increased from 6.0 grams per cent to 6.3 grams 
per cent, but this increase was relative, as the pa- 
tient had been overhydrated and then dehydrated, 
as shown by the plasma volume reduction from 5,150 
cubic centimeters to 3,840 cubic centimeters so that 
his total circulating plasma proteins actually fell 
from 306 grams to 239 grams. At the end of this 
period a subdiaphragmatic vagotomy was done in 
treatment of the ulcer and the eight day postopera- 
tive period was characterized by weight gain, a posi- 
tive nitrogen balance of 2.3 grams per day, and an 
increase of the total circulating plasma proteins from 
239 grams to 384 grams. He was discharged on the 
ninth postoperative day, and 5 months later had 
gained 60 pounds. Daily changes in the plasma pro- 
tein concentration are shown in Figure 2. 

CasE 3. No. 401432. A 60 year old male was 
admitted to the hospital with a diagnosis of carci- 
noma of the stomach and a history of 27 kilograms’ 
(61 lbs) weight loss in 14 months. A subtotal gastrec- 
tomy was done and a transfusion of 600 cubic centi- 
meters of blood was given during operation. No 
visible metastases were left behind. By the sixth 
postoperative day, during which time he had re- 
ceived only glucose and saline intravenously, the 
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Fig. 3. Plasma protein and plasma albumin record, Case 3, No. 401,432. Patient 
had lost 61 pounds in 14 months. Subtotal gastrectomy was performed for car- 
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Fig. 4. Plasma protein and plasma albumin record in Case 4, No. 401,977. 


Cholecystectomy. Weight constant. 


plasma protein concentration had fallen from 6.1 
grams per cent to 4.9 grams per cent. 

At this time nitrogen balance studies were insti- 
tuted and the results are recorded in Table I. Both 
oral feedings and plasma infusions were begun and 
resulted in an average positive daily nitrogen balance 
of 6.5 grams. During this 6 day period he received a 
total of 7,700 cubic centimeters of plasma. His 
plasma protein concentration increased from 4.9 
grams per cent to 7.0 grams per cent (see Fig. 3), and 
the total circulating plasma proteins were elevated 
from 152 to 245 grams. 

During the second period, beginning the day after 
the last plasma infusions, all nitrogen was adminis- 
tered orally and averaged 11.5 grams per day. 


Throughout this period a positive nitrogen balance 
averaging 3.9 grams was maintained, and the total 
circulating plasma proteins and the plasma protein 
concentration were essentially unchanged. The pa- 
tient was then discharged. 

CasE 4. No. 401977. A 67 year old female was 
admitted with a diagnosis of acute cholecystitis and 
cholelithiasis of 6 hours’ duration. These symptoms 
rapidly subsided and on the eleventh hospital day a 
cholecystectomy was performed. There was no his- 
tory of weight loss nor was there weight loss during 
the first 11 days after operation had been performed, 
although her hospital diet was protein poor. The pa- 
tient was afebrile, and the leucocyte count remained 
normal. 
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Fig. 5. Plasma protein, red cell count, hemoglobin, and plasma albumin, in 
Case 5, No. 135,688. Bleeding duodenal ulcer. 


The postoperative period was complicated by an 
upper respiratory infection with coughing, and a 
thrombophlebitis for which dicumarol was given, be- 
ginning on the seventh postoperative day. On the 
ninth postoperative day her wound disrupted and 
was immediately closed. Two days later the plasma 
protein concentration was 5.3 grams per cent, and on 
this day nitrogen balance studies were begun (see 
Table I). A total of 2,750 cubic centimeters of plas- 
ma was administered intravenously which increased 
the plasma protein concentration from 5.3 grams per 
cent to 7.0 grams per cent (see Fig. 4) and raised the 
total circulating plasma proteins from 95 grams to 210 
grams. During these 2 days there was a positive 
nitrogen balance of 20 grams per day. 

During the next 8 days she was given no intrave- 
nous nitrogen but her oral nitrogen intake remained 
good. A positive daily balance of 3.1 grams was 
maintained, and the plasma protein concentration 
and the total circulating plasma protein levels were 
essentially unchanged. 

CasE 5. No. 135688. A 44 year old male was 
admitted with a diagnosis of a duodenal ulcer with in- 
termittent bleeding for 1 month and perforation of ul- 
cer sutured 17 days previously resulting in subdia- 
phragmatic abscess. After 11 days of study, anti- 
biotic therapy, and blood transfusions totaling 3,600 
cubic centimeters, a transthoracic drainage of the 
abscess was done. The infection, repeated hemor- 
rhages, and low food intake had resulted in a reduc- 
tion of the plasma protein concentration of 5.2 grams 
per cent. 

Three days after the drainage operation nitrogen 
studies were begun (see Table I) and whole blood 
was transfused daily for 12 days excepting the sev- 


enth and eleventh— totaling 7,200 cubic centimeters, 
in an effort to correct anemia and hypoproteinemia. 
Contrary to expectations, the total blood volumes, 
determined daily before each transfusion for the 7 
days (omitting the fifth and sixth days) showed no 
increase until after the seventh day or not until 
5,200 cubic centimeters of blood had been given. 
This quantity of blood was approximately twice the 
amount of his calculated blood volume (see Table 
IV). At the end of this time, however, it had been 
increased only goo cubic centimeters which ac- 
counted for approximately 15 per cent of the total 
amount transfused. Thereafter, the blood volume 
remained between 3,300 and 3,500 (see Table IV) 
until the patient was discharged 9 days after the 
last transfusion. 

During the transfusion period an average daily 
positive nitrogen balance of 20 grams was main- 
tained. The plasma protein concentration was in- 
creased from 5.2 grams per cent to 6.8 grams per 
cent, although the total circulating plasma proteins 
were not greatly elevated (78 gm. to 102 gm.). The 
daily average oral nitrogen intake during this period 
was 11 grams. Nitrogen balance studies were con- 
tinued for 9 days after the last transfusion. A posi- 
tive nitrogen balance was maintained and averaged 
3.9 grams daily. The plasma protein concentration 
and total circulating plasma protein were essentially 
unchanged. 

CasE 6. No. 406174. A 75 year old female was 
admitted with severe debility, anemia, malnutrition, 
and draining sacral decubitus ulcer 8 weeks after she 
sustained a subtrochanteric fracture of the left femur 
which was slowly uniting. She was studied through 
four periods (see Table I). Nitrogen balance meas- 
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Fig. 6. Plasma proteins and plasma 


albumin record in Case 6. 


No. 406,174. 


Ununited fracture of left femur. Decubitus ulcer of sacrum. Severe debility. 


urements were instituted and for 4 days the patient 
received whole blood transfusions totalling 2,050 cu- 
bic centimeters. A positive nitrogen balance of 12.8 
grams was obtained, although the plasma protein 
concentration remained essentially unchanged (Table 
I and Fig. 6), and there was little elevation of the to- 
tal circulating plasma proteins and total plasma 
volume. 

During the next 2 days the patient received only 
oral nitrogen which resulted in a slight negative ni- 
trogen balance. There was no change in the plasma 
protein concentration or total circulating plasma pro- 
teins. During the next 4 days, the patient received 
a total of 2,550 cubic centimeters of plasma which 
resulted in a return to a positive nitrogen balance, 
and an elevation of the plasma protein concentration 
from 5.1 grams per cent to 5.6 grams per cent. The 
total circulating plasma proteins were raised from 
142 grams to 179 grams. 

For the next 13 days, the patient received only 
oral nitrogen which again resulted in a slight negative 
nitrogen balance, although the plasma protein con- 
centration was maintained above 6.0 grams per cent. 
Due to the lack of suitable veins to procure samples, 
figures for plasma volumes and total plasma protein 
values are not available for this period. 

CasE 7. No. 343601. A 64 year old female had a 
sudden onset of severe epigastric pain and frequent 
emesis of small amounts of fluid 7 hours prior to ad- 
mission. She had previously been in good health. 
An exploratory laparotomy disclosed acute hemor- 
rhagic pancreatitis. Cholecystostomy was _per- 
formed. On the seventh postoperative day with con- 
tinued emesis the wound disrupted and was re- 
sutured. She was unable to take an oral diet aside 
from a small amount during the first week and was 


maintained on intravenous injections of plasma, 
blood, glucose, minerals, and vitamins. There was 
continuous drainage from the cholecystostomy for 1o 
days and from the pancreatic region until death. 
The initial laboratory data showed a red cell count 
of 5.4 million and a white cell count of 17,000. The 
plasma protein level, however, was 4.6 grams per 
cent 2 days following operation. The blood and 
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Fig. 7. Plasma protein response to blood and plasma 
transfusions. Pancreatitis and wound disruption. Case 7, 
No. 343,601. 
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—— ) 
Average daily | Plasma protein | Total circulating Plasma : 
: nitrogen intake some Average | concentration plasma protein | volume poner sa 
Patient in gm. alien a daily as gm. % in gm. in c.c. = tag 
No. and Unit No. : BF nitrogen | 
| : excretion balance | | 
| Oral | I.V. | Total} ' 8™- | 1st day ILast day| 1st day |Last day| 1st day |Last day| 1st day |Last day 

‘1.8. M. No 02257 | | | | | 
Period 1.3 days | | | } } | 
plasma preopera- | 5.0 | 12.9 | 17.9 8.0 | ogpos. | 5.1 7.0 07 182 | 1970 | 2600 } 42 35 
tive. Total 4400 | | | | | | | | 

_.c. given in Sara | | | | | | | = 

Period 2 Radical mastectomy—blood loss measured 1160 c.c. given 1200 c.c. during operation. 

Period 3. gdays | l | fe ee | l r : 
w. weeping wound} 46 | o | 46 4.6 | ° | 6.9 | 5.9 | 212 169 2780 2800 42 | 39 
after operation | | j | 

Period 4 Dermatome skin graft placed over breast wound. Given 600 c.c. blood. Lost 50 c.c. blood. 

‘Period 5. tst6da.| 21 |; © 2.1 6.1 4.0 neg. 59 | 5-7 169 178 2800 | 3136 39 | 36 
after skin graft | | | | | H 

Period 6. 8 da. of | 4.0 9.0 | 13.0 IT.3 1.7 pos. | 5.7 48 176.7 163.2 | 3100 3400 36 | 35 
amigen infusions | | | 

Period 7. 4 da. of 8.0 8.0 | 15.1 8.3 68pos. | 48 | 65 | 163.2 | 240.5 3400 | 3700 | 35 | 34 
plasma infusions | u 1 

Patient discharged 3 days later 

2. E.R. No. T l | l 
398035 : | | | | 
Period 1 4 da 9.8 ° 9.8 8.5 1.3 pos 4.6 50 | 225.4 | 235 | 4900 | 475° | 40 | 44 
contro] period | } } 

Period 2. 6 da. of | | 
plasma infusions 6.6 | 22.5 | 29.1 15.1 | 14.0 pos. 5.0 72 230.0 | 355 475° | 5000 44 39 

_ Total 7100 c.c 

Period 3 Closure of enterocolic fistula. Blood loss measured 322 c.c. Blood received 1200 c.c. 

Period 4. 4 da a wae — gross blood 
intravenous glu- | | in stool 
cose and saline | oO ° o (| 13.3 | 13.3 neg. 9.3 6.0 355 306 5000 5150 48 34 
only | 

a ; ae a. eS ee | 

Period 5. 7 da 8.2 | © | 8.2 | 101 | 1.gneg. 6.0 6.3 306.0 239 5150 | 3840 34 4° 

oral feedings only |_| 

Period 6 Vagotomy. Blood loss measured 465 c.c. Blood given at operation 600 c.c. 

‘Period 7. 8 da. we l Nl — 
postoperative 12.4 | 0 12.4 10.1 2.3 pos. | 63 | 64 | 239.0 | 3840 | 4° 
until discharge | } 

—_—_——— 7 — — — ——— eT OT | 
3. J. L. No | | | | 
01432 | 
eriod 1. 6 da. 10.1 10 20.1 13.6 6.5 pos 49 | 7.0 151.7 245-0 335° 3500 33 30 
of plasma in- | } | 
fusions. Total | | | 
700 C.c. | | | 
oa . = a ee ere Sees ae fasta 

Period 3. 6 da | 
post last plasma 11.5 ° 11.5 | 7.6 3.9 pos. | 7.0 | 68 | 245.0 262.2 3500 3900 30 33 
infusion | | 

4. M.L. No | done 

0197 | } 6 hr. 

Period I. 2da | after 

plasma infusions } last 

Total 2750 c.c 13.5 | 19.8 | 33.3 13.1 20.2 pos. 5-3 70 | 95.4 210 1800 3000 40 34 
in 30 hrs | 

Period 2. 8 da. } | | | | 
post last plasma 12.3 ° 12.3 | 9.2 } 3-I pos. | 7.0 | 69 | 210.0 213 3000 3100 34 34 
infusion | | 


plasma given in the course of treatment are shown 
in Figure 7. 

During the first week the patient received two 
600 cubic centimeter blood transfusions and on 4 of 
the days she received plasma injections totalling 2,500 











cubic centimeters. On the fifteenth postoperative 
day, with an abundant supply at hand, plasma and 
blood transfusions were renewed, and continued un- 
til the time of death on the twenty-eighth day. She 
received daily plasma transfusions totalling 14,000 
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TABLE I.—SUMMARY OF PROTEIN METABOLIC STUDIES ON PATIENTS RECEIVING 
PLASMA AND ON BLOOD TRANSFUSIONS—Continued 


Average daily Plasma protein Total circulating Plasma 













































































Average 7 
Patient No nitrogen intake | daily = concentration plasma protein | volume —— 
oun Unit No in gm. nitrogen oliseeen as gm. % in gm. | in c.c. 
segtieies A, aaa ae | 
Oral | LV. | Total =o Ist day |Last day| 1st day |Last day| Ist day [Last day| Ist day |Last day 
5. L.S. No.135688 : , ; 
Period 1 Drainage of subdiaphragmatic abscess. 
‘Period 2. 11 da. ; a ee ee re | 
of — blood 11.2 | 20.9 | 32.1 IL.5 20.6 pos. 5.2 68 | 780 | 102 1529 1519 38 51 
transfusion 
Total of 7100 c.c. | 
Period 3. oe. : 
post ot lood 12.0 ° 12.0 8.1 3.9 pos. 6.8 6.5 95.2 110.5 1470 1785 51 49 
transfusion 
6. M. V. No. 
406174 
eriod 1. 4 da. 8.7 | 14.9 | 23.6 10.8 12.8 pos. 48 5.1 124.8 142.8 2640 2860 | 34 48 
whole blood 
transfusion | | 
Total of 2050 c.c. | 
Period 2. 2 da. | 
oral feeding only 7-4 ° 7-4 9.0 1.6 neg. 5.1 sr | 142.8 | 140.8 2860 | 2862 | 48 47 
ee ee — - — ——E = —— es . | —_ —_ ppaben 
Period 3. 4 da. | 
plasma infusions 6.4 7.6 | 14 8.1 5.9 pos. 5.1 5.6 | 140.8 179.2 | 2862 3206 | 47 | 43 
enue oe ae od ne Tt a | 
Period 4. 13 da. | | | Unable to obtain total figures due to veins being un- 
9 last plasma 8 ° 8 | 8.4 | ©O.4 neg. | 5.6 6.4 | suitable to procure blood volumes 
infusion | | | 








cubic centimeters giving a daily average of 1,000cu- ing the first 10 postoperative days (see Fig. 8), al- 
bic centimeters plasma. Near the end of this period though an average of 2,400 cubic centimeters of ami- 
the plasma protein concentration had been elevated gen was given daily during this time. However, the 
to 6.8 grams per cent, and the albumin was increased plasma proteins fell from 6.2 grams per cent to 4.1 
from 2.7 to 3.8 grams per cent (see Fig. 7). On the grams per cent. The plasma protein concentration 
twenty-first postoperative day she had a transfusion rose when plasma, oral feedings, and amigen were 
which was followed by jaundice and generalized ede- again given. Nitrogen balance studies were not 
ma persisting until death. Nitrogen balance studies made. 
were not made. CASE 9. No. 379854. A 74 vear old male entered 
CasE 8. No. 362409. A 47 year old male had a_ the hospital with a diagnosis of carcinoma of the 
gastroenterostomy performed for duodenal ulcer 6 cardiac end of the stomach. He reported a weight 
years prior to admission here. One year following loss of 16 kilograms (35 pounds) in the previous 9 
operation he developed diarrhea and began to lose months. 
weight. In the past 2 years he had lost 60 pounds, in 
spite of an adequate diet. He was continued on a 
similar high caloric and high protein intake during 
his preoperative stay in the hospital. His stools, 


TABLE II.— PLASMA PROTEIN CHANGES FOLLOW- 
ING PLASMA TRANSFUSIONS 





however, contained undigested food. - SSS SS 
The initial laboratory data disclosed a plasma pro- % of trans- 
tein concentration of 3.4 grams per cent with an al- _ | Total cir- a 
bumin level of 2.7 grams per cent. Eleven thousand | i «| Fotal cir- | culating | “counted 
- : . “ grams ransfusion} culating |plasma pro- for tv the 
cubic centimeters of plasma and 5,300 cubic centi- Patient |plasma pro- period in |plasma pro-| teins 18 to | 0” OY tne 
meters of blood were administered over an 11 day —— days Ln ad .. in total 
period. The rapid rise in plasma protein level is seen , transfusion — 
in Figure 8, although 3,800 cubic centimeters of proteins 
blood and plasma were given before any appreciable : eM “Se ] —— i ft 
effect in the plasma protein concentration was ————|-— a a a 
achieved. A subtotal gastric resection, gastrojeju- —  ? , _ 385 {6 _j| 38° |j3ss_ | °& 
nostomy, and partial colectomy were performed to 3 | 423 16 151 245 78 
eradicate the gastrocolic fistula and stoma ulcer. An a | 5s |aGoke)| os |svo@ine)) ss 
unsuccessful attempt was made to sustain the plasma = ———_} — ae | | 
6 | _137__—*+4|4 142 | 170 73 








protein concentration by the use of amigen alone dur- 
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Fig. 8. Plasma proteins and plasma albumin record in Case 8, No. 362,409. Patient 
lost 60 pounds in the 2 years previous to admission. 


The initial plasma proteins were 4.6 grams per 
cent with an albumin of 2.8 grams per cent. Five 
liters of plasma were administered over a 5 day per- 
iod. At the end of this time the plasma proteins 
were 5.9 grams per cent. He was then maintained on 
a liquid oral feeding for 10 days and given 5 plasma 
injections totalling 1,400 cubic centimeters. A trans- 
thoracic esophagastric resection was then performed 
during which 1,200 cubic centimeters of blood were 
given as replacement. Five days after surgery the 
plasma proteins had declined to 4.9 grams per cent. 
Five hundred cubic centimeters of plasma were given 
daily on the seventh, eighth, and tenth postoperative 
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Fig. 9. Case 9, No. 379,854. Patient had lost 35 pounds 


in 9 months. Entered hospital with diagnosis of carcinoma 
of cardiac end of stomach. Chart shows total plasma pro- 
teins and plasma albumin. 


days. On the tenth postoperative day the plasma 
protein concentrations were 6.2 grams per cent (see 
Fig. 9). He was discharged on the thirteenth post- 
operative day. Nitrogen balance studies were not 
made. 


DISCUSSION 


The plasma protein concentration of the 
patients reported in this study was signifi- 
cantly elevated by the administration of ade- 
quate amounts of plasma and blood. The ease 
with which the normal plasma protein con- 
centration was restored, seemed more closely 
related to the extent of the starvation period 
than to the pretransfusion plasma protein 
concentration. For examples, in patients 1 
and 4 whose nutritional states were relatively 
good, a rapid rise in the plasma proteins was 
obtained when 2750 and 4400 cubic centi- 
meters of plasma was administered over a 2 
and 3 day period, respectively. On the other 
hand, in patient 6 in whom a long debilitating 
disease with a decubitus ulcer and marked 
weight loss had been present, the rise in plasma 
protein concentration after the administration 
of 2550 cubic centimeters of plasma was slight. 
It was also difficult to elevate the plasma pro- 
tein concentrations in patients 2 and 3 who 
had lost considerable weight (27 and 60 
pounds) prior to their hospital admission. In 
these starved patients 4,000 to 5,000 cubic 
centimeters of plasma was given over 6 days 
before any elevation in the plasma protein 
concentration was detected. Similar difficul- 
ties were encountered in patient g (see Fig. 9). 
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TABLE III.—BLOOD PROTEIN CHANGES FOL- 
LOWING BLOOD TRANSFUSION 























TABLE IV.—BLOOD AND CELL VOLUME CHANGES 
IN A PATIENT WHO RECEIVED TEN TRANS- 












































— FUSIONS OVER AN ELEVEN DAY PERIOD— 
7 of ane PATIENT 5, NO. 135688 
Total Total cir- | Total cir- |unaccount- — 
Patient ae] my tes is Pd by Total cir ; | ieeaind 
e increase £it- | Total cir- ! 

No. 55688 protein “—— proteins | proteins | in total es cullen ne Blood Hema- blood 

transfused pretrans- | after last |circulating Day | plasma _|hemoglobin| Volume | volume | tocrit | given 

fusion |transfusion blood proteins in in grams in c.c in c.c. | reading daily 

proteins grams in c.c. 
— as 3 738 50 I 78 278 1529 2450 | 38 iz 600 : 

2 75 310 1525 2500 39 500 

pa 3 ‘ ‘ 3 72.8 285.2 1403 2300 39 500 
The total circulating plasma proteins were ———..—|—_-|—___ |__|, — 

~ ‘ : 4 78.8 297.6 1464 2400 | 30 1200 

calculated at intervals on the basis of the cir- ars ieee ancien waneeect | -—" 
culating plasma volume and the plasma pro- §=—~~——_-|— —— tees 
tein concentration. A knowledge of this figure ——|_ s Ger 
is essential to the proper interpretation of the J Tae TS in nd A 

. . . | 

patient’s response to the injected plasma or _*® | | _ | 600 _ 
blood in the hypoproteinemic state, since at 9 | 5 | 528 1518 | 3300 | s4 | 500° 
times variations in the plasma protein may © | ~~ |_ | | 600 

be more apparent than real. Infact,aneleva- | 150 

tion may result from plasma concentration 12 | %& | 546 | 1370 | 3000 | 51 

when actually the total circulating plasma “ye | a3; | soo | 178 | 3500 | 40 sae 


proteins may be reduced (see Table I, patient 
2, period 5). 

A positive daily nitrogen balance was main- 
tained during the period of blood or plasma 
therapy in all 6 patients on balance studies. 
In patients 4 and 5 this figure reached 20 
grams per day. However, 5 of the 6 patients 
on balance studies showed an increase in the 
total nitrogen excretion during the period of 
plasma or blood infusions, although this in- 
creased nitrogen excretion was relatively small 
compared to the increase in the total nitrogen 
intake. An average daily positive nitrogen 
balance of 12 grams was maintained during 
the period of plasma or blood administration. 
On the other hand the daily nitrogen balance 
during the periods immediately following the 
infusion period ranged from plus 4.0 grams to 
minus 13.0 (patient 2) and averaged minus 
7.0 grams. This figure, when patient 2 was 
excluded, averaged plus 1.3 grams. However, 
when compared with the figure of 12 grams of 
positive nitrogen balance obtained during the 
period of plasma or blood administration, the 
degree of nitrogen retention induced by 
plasma and blood was striking. Moreover, it 
would seem that there was little, if any, latent 
increased nitrogen excretion at least for such 
periods as were studied here. The negative 








or low positive balance figures which occurred 
in the post-transfusion period were largely due 
to the fact that the oral nitrogen intake in 
patient 2 was zero. However, patients 3, 4, 
and 5 were ingesting sufficient oral nitrogen 
to give them a positive nitrogen balance. 

Of some interest is the continued plasma 
protein decline in patient 1 during amigen 
administration. The plasma protein concen- 
tration fell from 5.7 to 4.8 grams per cent in 
spite of a total nitrogen intake of 13.0 grams 
per day during this period, although the total 
circulating plasma protein level was only re- 
duced from 177 grams to 163 grams. A daily 
positive nitrogen balance of 1.7 grams was 
maintained in contrast to the 9.9 and 6.8 
grams daily positive nitrogen balance during 
the 2 periods of plasma therapy (Table I, 
patient 1, periods 1 and 6). Patient 8 showed 
a similar failure of amigen to maintain the 
plasma protein concentrations in the quan- 
tities administered. The normal plasma pro- 
tein concentrations in both of these patients 
were again elevated when plasma and blood 
were given. In patient 1, where balance stud- 
ies were made, there was only a 1.7 positive 
nitrogen balance during the period of amigen 
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TABLE V. 
Total circulating | Hemoglobin — Total circulating Total circulating 
hemoglobin in grams grams per cent | plasma proteins in grams blood proteins in grams 
Patient | 
Before | After } Before After Before After Before After 
plasma } plasma | plasma plasma plasma plasma plasma plasma 
transfusion | transfusion transfusion transfusion transfusion transfusion transfusion transfusion 
1 S.M. 459 128 13.4 10.7 907 182 632.4 708 
No. 402257 
2 E.R. 1058 874.8 13.4 108 230 355 1461.5 1449.9 
No. 398635 | } 
sie 580 540 | 11.6 10.8 | I51 245 825 890 
No. 401432 | | 
4 M.L. 390 513.6 } 13 10.7 95 210 549 8490 
No. 401977 
5 LS. 278.4 546 11.6 18.2 78 QI 403 741 - 
No. 135688 Blood trans. 
Received only 
blood only 
6 M.V. 777-6 754 14.4 13 142 179 1053 1078 
No. 406174 


























administration. These findings are in agree- 
ment with Elman (2) and Meyer and asso- 
ciates (2) in so far as they found that patients 
could be maintained in positive nitrogen with 
amigen. However, it was very difficult to 
elevate the plasma protein concentration at all 
even though large quantities of amigen were 
given (2,000 to 3,000 per day). 

Data on the 6 patients on whom nitrogen 
balance studies and plasma volume measure- 
ments were made, indicate that most of the 
transfused plasma could not be accounted for 
on the basis of increases in the total circulating 
plasma proteins. This point has been empha- 
sized by Whipple and associates (9) and El- 
man (2) who found that only about 1o per 
cent of transfused plasma could be accounted 
for on the basis of an increased total circulat- 
ing plasma proteins in dogs 1 week after the 
plasma administration. Our data suggest 
that man, in the hypoproteinemic state, reacts 
in a similar manner, and that the larger 
amount of the administered plasma remained 
unaccounted for. It is possible, as Whipple 
suggests, that most of the transfused plasma 
proteins were recast as tissue protein without 
appreciable nitrogen loss. 

An unexpected finding is that revealed by 
patient 5 who had generalized edema. This 
patient was given 5,200 cubic centimeters of 
whole blood over a 6 day period before there 
was an appreciable increase in total circulating 
blood or in plasma protein concentration, and 





during this time the hematocrit reading was 
not increased even though a quantity equal 
to twice the patient’s calculated blood volume 
was administered as transfused whole blood. 
During this same time the frequent calcula- 
tions of the patient’s blood volume failed to 
show an appreciable change from the initial 
pretransfusion level. However, as these trans- 
fusions were continued, there was a rapid rise 
in the hematocrit reading, in the total cir- 
culating plasma and blood proteins, and in the 
total blood volume (see Tables III and IV). 
Weight loss, a disappearance of ankle edema, 
and a marked diuresis began after the third 
day of transfusions. The apparent failure of 
the patient’s blood response to the transfu- 
sions of the first 6 days was not characterized 
by increased nitrogen loss, since there was a 
daily 20 grams positive nitrogen balance dur- 
ing this period. This figure fell to 4 grams 
positive balance during the 9 day study period 
which followed the transfusions. The oral 
nitrogen intakes.were similar for both periods. 
Just what was the fate of the 5,200 cubic 
centimeters cannot be established from these 
data. The postoperative period was moder- 
ately septic for 7 days and there was a moder- 
ate discharge from the wound. Since there 
was no great increase in nitrogen excretion 
and since the transfused blood could not be 
accounted for by changes in blood protein, 
hematocrit reading, or blood volume, some of 
it may have been held extravascularly, possi- 
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bly as tissue protein. The amount of daily 
nitrogen lost through the wound ranged from 
0.1 gram to 1.0 gram and did not appear to ac- 
count for a major portion of the transfused 
protein. 

States of anemia probably should also be 
considered as states of hypoproteinemia much 
in the same way that the plasma hypopro- 
teinemic states are recognized. Whereas we 
corrected the plasma hypoproteinemia in our 
patients, there was always some degree of 
anemia which persisted unless blood was also 
given. A more complete picture would prob- 
ably be obtained if the whole blood protein 
concentrations were considered, in addition to 
the plasma protein concentrations. The hemo- 
globin concentration of 15 to 16 grams per 
cent in the normal person, plus 6.5 to 7.5 
grams per cent for plasma, gives a total of 22 
to 24 grams per cent for the total blood pro- 
tein concentration. Since hemoglobin consti- 
tutes approximately two-thirds of the blood 
protein, a marked anemia may give a striking 
reduction in the whole blood protein even 
though the plasma protein is normal. The term 
‘“‘hypoproteinemia” probably should not be 
limited to lowered plasma proteins, but should 
apply to deficits in hemoglobin as well. 
Where anemia and hypoproteinemia coexist, 
both blood and plasma are necessary to re- 
store the blood protein concentration to nor- 
mal. 

Plasma transfusions appear to induce an 
anemia out of proportion to that which might 
be accounted for by plasma dilution. The 
degree of this anemia, the total circulating 
hemoglobin and the grams per cent of hemo- 
globin before and at the end of the periods of 
plasma transfusions are shown in Table V. 
While the grams per cent of hemoglobin were 
appreciably decreased in most cases, the total 
circulating hemoglobin indicated that some of 
this anemia was due to blood volume changes. 

The retarded recognition of the value of 
plasma for the purpose of elevating the plasma 
proteins may be attributed to the fact that 
most have used quantities of plasma too small 
to give appreciable changes (2, 14), in the 
plasma protein concentration. Our findings 
suggest that any less than 2500 cubic centi- 
meters of plasma given over a period of 48 


hours or longer, is not likely to elevate the 
plasma protein concentration in the hypopro- 
teinemic patient. Furthermore, our patients 
showed that an increase in the plasma volume 
occurred before the plasma protein concen- 
tration was increased, and that the total cir- 
culating plasma proteins were often increased 
before the plasma protein concentration was 
elevated. For this reason several liters of 
plasma or blood may have to be injected be- 
fore any elevation in the plasma protein con- 
centration can be detected. During this early 
period most of the transfused protein, includ- 
ing some hemoglobin, probably leaves the 
blood stream and possibly is converted into 
body protein as Whipple (14) has suggested. 
It is only after the plasma volume has been 
restored and the tissue proteins partially re- 
stored that the plasma protein concentration 
begins to rise. 


SUMMARY 


1. Plasma and blood were administered to a 
series of 9 surgical patients who had previously 
developed various degrees of hypoproteinemia 
and anemia. 

2. The amounts of plasma, usually given 
daily, were large as measured by current prac- 
tice, but the amount of nitrogen given by this 
method was less than that advocated when 
protein hydrolysates are used for this purpose. 

3. The increase in the plasma protein con- 
centration was rapid after these quantities of 
plasma and blood were given and normal 
values were usually established within 5 to 
7 days. 

4. Nitrogen balance studies and plasma vol- 
ume changes were made on 6 of these patients 
and showed that most of the transfused plasma 
probably left the blood stream within a day or 
two. That which could not be accounted for 
on the basis of an increase of total circulating 
plasma protein may possibly have been recast 
as tissue protein, since there was little, if any, 
evidence of a latent increased nitrogen excre- 
tion. The possibility that small increases of 
nitrogen excretion over a prolonged period of 
time may have occurred has not been de- 
tected in this study. 

5. Larger amounts of plasma and blood 
were required to elevate the plasma protein 
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concentration in the more severely starved 
patient than in the better nourished one, even 
though the plasma protein concentrations 
were reduced to similar levels in both groups. 

6. Blood transfusions alone were adminis- 
tered daily with one exception for 11 days to 
I patient, and as in the case of patients re- 
ceiving plasma, the plasma protein concentra- 
tion was restored to normal without evidence 
of latent nitrogen loss. 

7. This work suggests that the fear of over- 
transfusion is unwarranted except where the 
cardiovascular reserve is reduced. It also em- 
phasizes the importance of great enlargement 
of facilities for obtaining blood and plasma 
and the wisdom of using blood in some pa- 
tients in place of plasma because of the gain in 
oxygen-carrying cells and the possible utiliza- 
tion of hemoglobin to form tissue proteins. 
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THE ELECTROCARDIOGRAM IN 








BILIARY TRACT DISEASE 


AND DURING EXPERIMENTAL BILIARY DISTENTION 


Clinical Observations on 26 Patients 


G B. HODGE, M.D., Spartanburg, South Carolina, and A. L. MESSER, M.D., 
Boston, Massachusetts 


HE relationship and coexistence of 

biliary tract and heart disease have 

been of interest for many years. Data 

revealing a statistically significant co- 
existence of these two conditions are reported 
in the literature (Willius and Brown; Brey- 
fogle; Laird; Schwartz and Herman; Walsh, 
Bland, Taquini, and White; and Tennant and 
Zimmerman). There is, however, no conclu- 
sive evidence that the diseased gall bladder 
may cause heart disease. Many physiopatho- 
logical factors such as age, disturbed metabo- 
lism, obesity, diet, and infection are common 
to both. 

Electrocardiographic changes in gall-blad- 
der disease have been reported by Fitz~-Hugh 
and Wolferth, Clarke, Breitwieser, and Wake- 
field. The abnormalities noted were T-wave 
changes in significant leads, slurring and notch- 
ing of the QRS complexes, and elevation or 
depression of the RS-T segments. Following 
gall-bladder surgery improvement of the elec- 
trocardiogram or return to normal has been 
reported. However, it should be pointed out 
that electrocardiographic changes have been 
described in other intra-abdominal conditions 
such as pancreatitis, perforated peptic ulcer, 
mesenteric thrombosis, hemorrhage, gastric 
distention, and esophageal hiatus hernia (Gub- 
ner; Murphy and Livezeg; Scherf and Klotz; 
Gottesman, Casten, and Beller; Morrison and 
Swalm; and Gilbert, 5). 

The electrocardiographic changes in biliary 
tract disease may be a result of viscerocardiac 
reflexes. Gilbert, Fenn, and LeRoy (6) have 
demonstrated a reduction in coronary blood 
flow following stimulation of abdominal vis- 
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cera in animals. In patients with angina 
pectoris they were able to precipitate anginal 
attacks by distention of the stomach. Electro- 
cardiograms taken simultaneously revealed 
abnormalities. 

Zollinger distended the gall bladder and 
common duct in 6 patients and studied vis- 
ceral and referred pain. In no patient did the 
pain simulate that of angina pectoris. Ravdin, 
Royster, and Sanders distended the common 
bile duct in 2 patients in whom they were able 
to produce anginal pain. Pain disappeared 
following release of pressure. They reported 
that electrocardiograms taken during disten- 
tion were negative. 

Hodge, Messer, and Hill distended the gall 
bladder of normal dogs. No significant 
changes in the electrocardiogram occurred 
other than an increase in the cardiac rate. 
However, in animals with experimentally pro- 
duced lesions of the coronary arteries signifi- 
cant abnormalities of the RS-T segments of 
the electrocardiogram occurred consistently. 

Since the relationship of biliary tract and 
heart disease is not clearly established, this 
study was undertaken. Electrocardiographic 
studies were made on 26 patients undergoing 
surgery of the biliary tract. In 13 of the 
patients observations on pain, respirations, 
and blood pressure were made. 


METHOD OF STUDY 


Routine electrocardiograms were obtained 
before and after operation on each patient. 
When abnormalities were encountered serial 
electrocardiograms with precordial leads of 
the C-V series were obtained. Electrocardio- 
grams were taken during experimental biliary 
distention. 

Experimental distention of the biliary tract 
was produced in all patients. Sterile normal 
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TABLE I.—ELECTROCARDIOGRAPH FINDINGS IN GALL-BLADDER DISTENTION 
_DURING OPER! ATION — 
Control After anesthesia During distention | After release of pressure 
Case No. Age Sex l 
Rate EKG findings Rate EKG changes Rate EKG changes Rate EKG changes 
‘. 41 Female ror | Flat tolow upright} 60 | Tr and 2 normal 86 | Bigeminal rhythm 74 | Normal rhythm. T 
C.W T1, low upright upright, T3 flat in lead 1. No waves upright 
| | T2 and 3 other change 
a | st Female | 74 | Normal record 64 | No change 60 | Nochange 48 | Nochange 
BW. | | . 
3 52 | Female 83 | Tr borderline i in 68 ‘No change 74 Tr slightly ly more 72 | Tx slightly less ; 
M.S | } amplitude upright upright 
samapaaeail —_ -| Pe a os —e 2 ERR (See oS. ee 
4 47 Female | 118 | Normal record | 80 | Bigeminal ‘rhy thm. 84 Bigeminal rhythm 80 | Normal rhythm. 
M.S | No other change still present. No Premature ven- 
change tricular contrac- 
tions have 
disappeared 
5. 52 Male 64 | Normal record 92 | Nochange 98 | Asingle premature} 81 | No change 
R.B contraction. No 
other change 
. 55 Female | roo | Tx upright, slight 132 | Depression ST1, T1| 135 | No change 140 | No change 
O.S. depression ST2, less upright, T3 
T3 inverted flat 
33 Female 80 | Normal record 7° | Nodal rhythm, Tx 74 | Nochange 75 | Nochange 
H.M less upright, T2 
diphasic 
i 8 47 Female | 88 | Tx borderline in 9° | Bigeminal rhythm. 9° | Bigeminal rhythm 74 | Tx now normally 
N.S | amplitude No other changes still present. No upright. Normal 
other change rhythm present 
7 i 29 Female 386 L eft axis 5 deviation. os | Tr low upright, left} 98 | No change 102 | One premature ven- 
M.N T waves normal axis deviation tricular contrac- 
| tion. No other 
change 
10. 29 Female | 76 Normal record 7° | Nochange 72 | Nochange 88 |No change 
H.H | 
7 II. 74 Female 75 | Left axis deviation 94 | Sinus arrhythmia 94 | Premature ven- 84 | Premature ven- 
N.B | | No other changes tricular contrac- tricular con- 
| tions with sinus tractions have 
} arrhythmia disappeared. 
| | Sinus arrhyth- 
| mia still present 
aa eterna Pe ee a ie 5 ae ee —— a 
12. 65 Female | we Left axis deviation | 62 | Nochange 62 | Nochange 66 | Nochange 
M.H. | | 
~ 13. 5s. | Female i 72 Normal record | 62 | Nochange 66 | Tx less upright 75 | T waves normally 
E.W. | | upright 
14. 55 |Female | 08 | Flat Tr, low u up- 7° | Slight in inversion n of 75 | Sinus arrhy thmia. 68 | Tr now low up- 
R.F | right T and T3. | Tx. Axis deviation No other change right. T2 slightly 
Left axis deviation decreased | more upright. 
| 1 _No other ther change _ 














saline solution was introduced under pressure 
through a cannula in the gall bladder or a 
rubber T-tube in the common bile duct. Pres- 
sure was controlled by a water manometer 
apparatus and the maximum pressure used 
was 100 centimeters of water. 

All of the patients had biliary tract disease. 
Twenty-two had chronic cholecystitis with 
cholelithiasis. Three patients previously had 
had cholecystectomy for gall-bladder disease 
with stones. At operation 1 had common duct 


calculi, and in the remaining 2 no definite 
cause for their symptoms was found. Another 


patient had a carcinoma of the head of the 
pancreas associated with chronic cholecystitis 
and cholelithiasis. 

In the first group in which there were 14 
patients with chronic cholecystitis and chole- 
lithiasis, gall-bladder distention and electro- 
cardiographic studies were carried out simul- 
taneously at operation. All had the preopera- 
tive medication of morphine and hyoscine. 
Light ethylene-curare anesthesia was em- 
ployed in each. Supplementary ether or cyclo- 
propane was used occasionally, but not during 
distention and electrocardiography. Control 
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Fig. 1. Case 8. A, Control record taken before anes- 
thesia. -B, After anesthesia. C, During gall-bladder disten- 
tion. D, Following cholecystectomy. 


electrocardiograms were taken before anes- 
thesia, after anesthesia, before distention of 
the gall bladder, during distention of the gall 
bladder, 10 minutes after distention, and sev- 
eral days following operation. 

In the second group of 13 patients disten- 
tion of the common bile duct was carried out 
in 12 patients and the gall bladder in 1. Dis- 
tention was performed 10 or more days after 
operation without medication or anesthesia. 
One patient in this group (Case 22) is also 
included in group 1 (Case 14). Observations 
were made on pain, respiration, and blood 
pressure. Electrocardiograms were taken be- 
fore distention, with distention, and 10 min- 
utes after distention. All had oneor more preop- 
erative and postoperative electrocardiograms. 


RESULTS 


The effects of anesthesia and distention of 
the gall bladder on the cardiac rate and elec- 
trocardiogram in group 1 are summarized in 
Table I. In g patients there was a decrease in 
cardiac rate after anesthesia and an increase 
in 5. During experimental distention of the 
gall bladder the cardiac rate increased in 10 
patients and decreased in 1. There was no 
change in 3. Following release of pressure in 
the gall bladder 8 patients had a decrease in 
cardiac rate and 6 an increase. 

After anesthesia premature ventricular con- 
tractions occurred in 2 cases (4 and 8) causing 
bigeminal rhythm (Fig. 1). This disappeared 
following cholecystectomy. One patient de- 
veloped nodal rhythm whic> persisted during 
the operation (Fig. 2). 

Three patients developed premature ven- 
tricular contractions during gall-bladder dis- 
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tention, but this disappeared after release of 
pressure (Fig. 3). There were no cases in 
group 1 in which the P-R interval or the QRS 
conduction time were prolonged during anes- 
thesia or during gall-bladder distention. 
Electrocardiograms taken before anesthesia 
and after the preoperative medication of mor- 
phine and hyoscine revealed that 4 of the 
patients (Cases 1, 3, 8, and 14) in group 1 had 
records which were borderline or slightly ab- 
normal due to depression of T 1. Three of 
these cases had normal electrocardiograms be- 
fore the preoperative medication and 1 was 
abnormal. The electrocardiogram in 1 became 
normal after anesthesia (Fig. 3) and in 2 the 
records returned to normal following operation. 
Four patients (Cases 6, 7, 9, and 14) de- 
veloped significant T-wave changes in lead I 
with anesthesia. Case 6 showed depression of 
the RS-T segment as well as the T-wave in 
lead I suggesting myocardial ischemia (Fig. 4). 
In Cases 7 and g there was depression of T 1 
and in Case 14 T 1 became slightly inverted. 
During gall-bladder distention the T-waves 
in lead I were slightly depressed in Case 13 
(Fig. 5) and slightly more upright in Case 3. 
The results of biliary distention 1o or more 
days after operation in 13 patients are sum- 
marized in Table II. Eleven patients showed 
an increase in the cardiac rate during disten- 
tion of the biliary tract while 2 showed a slight 
decrease. Premature ventricular contractions 
developed in 1 patient during distention of the 
common duct and in 1 patient a single pre- 
mature auricular contraction occurred after 
release of pressure. There were no cases in 
group 2 in which the P-R interval or the QRS 
conduction time were prolonged during dis- 
tention. There were 2 cases (15 and 19) with 
abnormal electrocardiograms before distention 





Fig. 2. Case 7. A, Control record taken before anes- 
thesia. B, After anesthesia. C, During gall-bladder disten- 
tion. D ,Following cholecystectomy. 
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Fig. 3. Case 1. A, Control record taken before anesthesia. B, 
After anesthesia. C, During gall-bladder distention. D, Following 


cholecystectomy. 


Lead 


A 8B 

Fig. 4. Case 6. A, Control record taken before anesthesia. 
B, After anesthesia. C, During gall-bladder distention. D, Fol- 
lowing cholecystectomy. 


of the common duct. In Case 15 T 1 changed 
from diphasic to low upright during distention 
(Fig. 6). Case 19 showed no change. In 1 
case with a normal record the T-wave in lead 
I was slightly depressed during distention 
(Fig. 7). 

During distention of the common bile duct 
or gall bladder 11 of the 13 patients exper- 
ienced pain. The 2 that did not experience 
pain had celiac ganglionectomy performed for 
biliary dyskinesia (Grimson, Hesser, Kitchen). 
One of these experienced only vague discom- 
fort in the left upper abdominal quadrant. 

In those having pain it was described as 
being severe and oppressive in character and 
located in the epigastrium. Four patients also 
complained of pain in the right upper abdomi- 
nal quadrant and in 1 case there was radiation 
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Fig. 5. Case 13. A, Control record taken before anes- 
thesia. B, After anesthesia. C, During gall-bladder disten- 
tion. D, Following cholecystectomy. 
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of pain straight through from the epigastrium 
into the back. In no patient did the pain 
simulate that of angina pectoris. During dis- 
tention and soon following distention 6 pa- 
tients noted nausea and 2 patients vomited. 

All patients who complained of pain during 
distention developed respiratory distress char- 
acterized by inspiratory inhibition. On release 
of pressure this symptom immediately sub- 
sided. 

In 10 patients there was a rise in blood pres- 
sure during distention and a slight drop in 3. 

In 5 of the patients interesting electrocar- 
diographic changes occurred before and after 


operation. é 
CASE REPORTS 

CasE 1. C. W., a 41 year old white female, was 
admitted to Duke Hospital on January 7, 1947 with 
chronic cholecystitis and cholelithiasis. She had 
typical symptoms of recurrent biliary colic, nausea, 
and vomiting of 1% years’ duration. The only 
cardiac symptom that could be elicited was that of 
slight palpitation during attacks of biliary colic. 
There was nothing to suggest the anginal syndrome, 
and there was no history of digitalis or use of any 
medication prior to hospitalization. On physical 
examination the blood pressure was 120/80. She 
was of asthenic build and there was no jaundice. The 
heart and lungs were normal. Abdominal examina- 
tion revealed only slight right upper quadrant ten- 
derness. The heart was not shown to be enlarged by 
x-ray examination. An electrocardiogram taken on 














Fig. 6. Case 15. A, Before common bile duct distention. 
B, During distention. C, Ten minutes following distention. 


the date of admission was distinctly abnormal (Fig. 
8). Serial records on January 10, 14, and 17 showed 
a progressive return to normal. Cholecystectomy 
was performed on January 22 under ethylene-curare- 
oxygen anesthesia with supplemental cyclopropane 
and ether. Electrocardiograms taken during opera- 
tion are shown in Figure 3. Following operation the 
electrocardiogram taken on January 23 and on Feb- 
ruary 2 became abnormal due to inversion of T 1. 
This was not significantly changed by exercise or 
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Fig. 7. Case 24. A, Before common bile duct distention. 
B, During distention. C, Ten minutes following distention. 


breathing pure oxygen for 5 minutes. A follow-up 
electrocardiogram 6 months later was normal (Fig. 8). 

CasE 6. O. E. S., a 55 year old white female, was 
admitted to Duke Hospital on February 20, 1947 
because of bilateral thrombophlebitis of the lower 
extremities of about 3 weeks’ duration. There was a 
history of intolerance to fatty foods with epigastric 
distress after meals of 4 months’ duration. There 
was no history of precordial or substernal pain or 
exertional dyspnea. She had been given digitoxin 
before admission to the hospital because of edema of 
the lower extremities. On physical examination the 


TABLE II.—ELECTROCARDIOGRAPH FINDINGS IN COMMON DUCT OR GALL-BLADDER 
DISTENTION IN 13 UNANESTHETIZED PATIENTS 




























































































Control During distention After release of pressure 
Case No. Age Sex 
Rate EKG findings Rate EKG changes Rate EKG changes 
15. 69 Female 7° Slight depression of 88 Less depression of 90 Premature auricular 
E.G. ST1, diphasic Tr. ST1, low upright T:, contractions present. 
Slight epression of slightly more depression T1 less diphasic 
ST2 re) 2 
16. 53 Female 96 Left axis deviation 101 No change 101 No change 
L.B. 
“a 17. 44 Female 92 Normal record 110 No change 98 No change 
M.P. 
18. 69 Male 54 Normal record 56 No change 57 No change 
C.A. 
19. 34 Female 106 Low upright T1, diphasic 126 No change 100 No change 
S.B. T2 & T3, T4 low 
upright 
20. 62 Female 82 Premature ventricular 72 Premature ventricular 70 Premature ventricular 
M.J. contractions contractions. Tr more contractions still pres- 
upright ent. No other change 
at. 35 Female 80 Normal record 90 No change 80 No change 
M.D 
22. 55 Female 100 Left axis deviation. 110 No change 104 No change 
*R.F. T waves normal 
23. 57 Female 98 Normal record 96 No change 88 No change 
L.H. 
+ 48 Male 81 Normal record 84 T1 slightly less upright 81 T waves normally upright 
D.M. 
25. 35. 4 Female 104 Normal record 106 No change 106 No change 
O.A. 
26. 7 32 ‘ Female 115 Norma] record 125 No change 120 No change 
O.M. 
27. 37 Female 02 Premature ventricular 100 No change 98 No change 
F.K | | contractions _ 


*Includedin Table I as case 14. 
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Fig. 8. Case 1. A, Electrocardiogram taken on day of admission to hospital (Janu- 
ary 7, 1947). B, Record on 3rd hospital day. C, Record on 7th hospital day. D, Rec- 
ord on roth hospital day. E, Record taken on 1st postoperative day (January 23, 1947). 
F, Taken on 12th postoperative day before exercise. G, Taken on 12th postoperative 
day after exercise. H, Taken on 12th postoperative day after breathing 100 per cent 
oxygen for 5 minutes. I, Record 6 months after operation (July 31, 1947). 


blood pressure was 130/80. The patient was obese, 
and there was no icterus. The heart and lungs were 
not remarkable. The liver was enlarged and there 
was slight tenderness in the right upper quadrant. 
There was a subsiding bilateral deep thrombophle- 
bitis of the legs. X-ray examination did not show 
enlargement of the heart. Serial preoperative elec- 
trocardiograms are shown in Figure 9. She received 
no digitalis during the first 16 days of nospitalization 
but was digitalized on March 8. An electrocardio- 
gram on March 17, while on a maintenance dose of 
digitalis, showed evidence of return to normal. Cho- 
lecystectomy for chronic cholecystitis with choleli- 
thiasis was carried out on March 19. The postop- 
erative electrocardiograms gradually returned to 
normal and a record with extra precordial leads 44% 
months later was normal (Fig. 9). 

Case 14. R. E. F., a 55 year old white female, was 
admitted to Duke Hospital on April 15, 1947 because 
of pyrexia of unknown origin. There was no history 
of precordial or substernal pain or diminished car- 


diac reserve. She gave a history of vague aching 
pain of the joints of all extremities and back as well 
as generalized aching of her muscles of about 18 
months’ duration and bouts of recurrent low-grade 
fever for 11 months. On physical examination the 
blood pressure was 140/90. She was obese and there 
was no jaundice. There was some lordosis of the 
lumbar spine and pain on motion of both shoulders. 
Examination of the heart revealed slight accentua- 
tion of the aortic second sound and there was a soft 
systolic murmur at the apex. The abdominal exami- 
nation revealed slight right upper quadrant tender- 
ness. She had an inguinal hernia on the right. X-ray 
examination revealed the heart to be at the upper 
limits of normal in size and the spine showed osteo- 
arthritic changes. A gall-bladder visualization test 
revealed a nonfunctioning gall bladder. Preoperative 
electrocardiograms are shown in Figure 10. On 
April 30 a right inguinal herniorrhaphy, cholecyst- 
ectomy, choledochotomy, and choledochostomy were 
done under ethylene-curare-ether anesthesia. The 
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Fig. 9. Case 6. A, Electrocardiogram taken on day following admission to hospital. 
B, Record on 8th hospital day. C, Record on 12th hospital day. D, Record on 14th 
hospital day. E, Record taken on 25th hospital day and 9 days after complete digitali- 
zation. F, Electrocardiogram on 3rd day following cholecystectomy. G, Record on 
8th postoperative day. H, Record taken 4% months later. 


gall bladder showed chronic cholecystitis with chole- 
lithiasis. Electrocardiograms taken during operation 
are shown in Figure 11. On May 13, distention of 
the common bile duct was carried out with electro- 
cardiographic studies (Fig. 12). An electrocardio- 
gram taken 13 days postoperatively shows a return 
to the normal of the T-waves in the limb leads 
(Fig. 10). 

CasE 15. E.R. G., a 69 year old white female, was 
admitted to Duke Hospital on January 20, 1947 be- 
cause of colicky right upper quadrant pain of 18 
months’ duration. A previous cholecystectomy had 
been performed in July 1946. She had been a known 
hypertensive for at least 4 years and had noted mild 
exertional dyspnea for 2 years and palpitation for 
18 months. There had been no ankle edema and she 
had taken no digitalis recently. On physical exami- 
nation the blood pressure was 140/80. The following 
day the blood pressure was recorded as 155/110. 
The patient was obese and slightly jaundiced with 
a blood bilirubin of 2.8 milligrams per 100 cubic 
centimeters. On January 28, 1947 choledochotomy 
was carried out for calculi and 1o days postopera- 
tively distention of the common bile duct was per- 





formed. Electrocardiograms taken before and after 
operation are shown in Figure 13. An electrocardio- 
gram taken 5 months after operation showed normal 
T-waves in the limb leads with only slight flattening 
of the T-waves in CV 5 and CV 6 in the precordial 
leads. 

CasE 19. S. E. B., a 34 year old white female, was 
admitted to Duke Hospital on March 12, 1947 be- 
cause of nausea, vomiting, and gaseous distention of 
3 months’ duration. She had a cholecystectomy 11 
years prior to admission. She had experienced mild 
recurrent attacks of bronchial asthma for 23 years. 
There were no symptoms of cardiac disease, and no 
recent use of digitalis. On physical examination the 
blood pressure was 140/80. She was slightly obese 
and icteric. The heart was normal on physical ex- 
amination and x-ray examination showed no enlarge- 
ment. On March 20, 1947 exploratory laparotomy 
was carried out with lysis of adhesions. The common 
bile duct was explored. No stones were found. How- 
ever, a stenosis at the ampulla was dilated. On the 
fourteenth postoperative day the common bile duct 
was distended with simultaneous electrocardiogra- 
phy. The preoperative and postoperative electro- 





















Fig. 10. Cases 14 and 22. A, Electrocardiogram taken 
on day following admission to hospital. B, Record on 6th 
hospital day. C, Record on 1oth hospital day. D, Record 
taken 8 days following cholecystectomy and choledochos- 
tomy. E, Record on 13th postoperative day. 


cardiograms are shown in Figure 14. There was no 
change in the electrocardiogram during common 
duct distention other than an increase in cardiac rate. 


DISCUSSION 


It is evident from this study that severa! 
factors may affect the electrocardiogram. De- 
pression of the T-wave in lead I was observed 
in 3 cases (1, 3, and 8) after the preoperative 
medication of morphine and hyoscine. The 
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Fig. 12. Case 22. A, Before common bile duct disten- 
tion. B, During distention. C, Ten minutes following 
distention. 


T-wave changes in Case 1 may be related to 
the marked instability of the electrocardio- 
gram exhibited during the entire period of 
hospitalization. In Case 3 the changes were 
of such slight degree that they could not be 
considered of significance. The T-wave be-' 
came upright in Case 8 at the end of operation. 

Although T-wave changes occurred in 4 
patients following anesthesia, in only 1 (Case 
6) did RS-T segment depression occur sug- 
gesting myocardial ischemia. 

The slight depression of T 1 during biliary 
distention in Cases 13 and 24 were of minor 
degree and are considered insignificant. The 
increase of amplitude of the T-waves in lead I 
during distention was striking only in Case 15. 
Therefore, it is obvious that the electrocardio- 
graphic pattern is not predictable in biliary 
distention. 

The electrocardiographic changes observed 
in 5 of the cases (1, 6, 14, 15, and 19) during 
the preoperative and postoperative period are 
not clear. The T-wave changes recorded are 
similar to those observed by Fitz-Hugh and 
Wolferth, Clarke, and Brietwieser, although 
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Fig. 11. Case 14. A, Control record taken before anesthesia. 
B, After anesthesia. C, During gall-bladder distention. D, Fol- 
lowing cholecystectomy. 
























HODGE, MESSER: 












Fig. 13. Case1s5. A, Electrocardiogram taken 8 months 
before admission to the hospital. B, Record taken on ad- 
mission to the hospital (January 20, 1947). C, Record on 
3rd hospital day. D, Record taken on 7th day following 
choledochostomy. E, Record on roth postoperative day. 
F, Record on 13th postoperative day. G, Record taken 5 
months after operation. 


the majority of the patients reported by these 
authors were thought to have coronary artery 
disease. In none of the 5 cases reported here 
was there a history of the anginal syndrome, 
myocardial infarction, or heart failure. The 
electrocardiogram did not show changes sug- 
gestive of myocardial infarction. 

The T-wave changes in Case 1 initially sug- 
gested digitalis effect; however, this was not 
confirmed by history. The rapid return of the 
electrocardiogram to normal before operation 
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Fig. 14. Case 19. A, Electrocardiogram taken 4 months 
before admission to the hospital. B, Record taken on the 
day following admission to the hospital. C, Record taken 
on 6th postoperative day. D, Record taken 4 months after 
operation. 


and the abnormalities following operation 
eliminated this possibility. 

Case 6 presented a rather complicated pic- 
ture. The digitoxin she received before hos- 
pitalization can hardly account for the T-wave 
changes observed during the first 2 weeks. 
After complete digitalization on the sixteenth 
hospital day the record appeared more normal. 

Although there was a history of a low grade 
fever in Case 14 this was never higher than 
38.2 degrees centigrade before operation. Later 
she became afebrile. This could hardly explain 
the electrocardiographic changes. 

In Case 15 the electrocardiographic findings 
in lead I on the tenth postoperative day sug- 
gested left ventricular strain. However, it is 
unlikely that hypertension could cause this 
abnormality to occur and disappear in 6 days. 
It is of interest that during distention of the 
common bile duct on the tenth postoperative 
day T 1 changed from diphasic to upright. 
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It is apparent that serial electrocardiograms 
are of the utmost importance when electro- 
cardiographic changes are used as a criteria of 
cardiac improvement following gall-bladder 
surgery. Single records are of doubtful value 
since we have observed abnormal electrocardi- 
ograms to return to normal before operation 
and normal records to become abnormal after 
operation. There are no adequate electro- 
cardiographic studies on the variations of the 
electrocardiogram in a large series of normal 
individuals. It is obvious that these electro- 
cardiographic findings mirror changes in the 
myocardium; however, the nature of these is 
not clear. We do not feel that a diagnosis of 
coronary artery disease or myocardial infarc- 
tion could be made on any of the above pa- 
tients from the information obtained from 
history and physical examination. 


SUMMARY AND CONCLUSIONS 


In 26 patients with biliary tract disease the 
gall bladder or common bile duct was experi- 
mentally distended and electrocardiographic 
studies were made. The gall bladder was 
distended at operation in 14 patients, and the 
common bile duct was distended in 12 patients 
and the gall bladder in 1 during the postopera- 
tive period. Disturbances in rate, rhythm, 
and the T-waves are reported. The changes 
observed in the electrocardiograms during 
biliary distention in patients without clinical 
coronary artery disease were insignificant. 
This finding is similar to our previous observa- 
tions on normal dogs (10). The effect of bil- 
iary distention on patients with the anginal 
syndrome remains to be investigated. Five 
of the patients showed changing electrocardio- 
grams during the preoperative and postopera- 
tive periods. In no patient was the diagnosis 
of angina pectoris or myocardial infarction 
made, and in no case did common bile duct or 
gall-bladder distention cause anginal pain. 
Pain was more or less characteristic of that 
caused by biliary disease. All patients ex- 


periencing pain during common duct or gall- 
bladder distention complained of respiratory 
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distress and in the majority there was a rise’ 
in blood pressure. 

There is no definite electrocardiographic 
pattern in gall-bladder disease. Changes in 
the electrocardiogram are variable and may 
be coincidental. Distention of the gall-bladder 
or common bile duct may cause minor distur- 
bances in rate and rhythm. T-wave changes 
of a minor degree were observed but in no in- 
stance did these changes suggest a coronary 
pattern. 

Conclusions regarding improvement in the 
cardiac status of patients following gall-blad- 
der surgery are not justified on the basis of a 
single preoperative and postoperative electro- 
cardiogram since serial records may show in- 
stability of the T-waves. 
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GENERAL PLASTIC SURGERY 


ENERAL plastic or reconstructive 
surgery has received varied recogni- 
tion among surgeons. It may oc- 

cupy an established position and an inde- 
pendent service in one medical organization, 
while in another work that would fall into its 
category may be dispersed over several serv- 
ices depending upon the anatomical field into 
which the various lesions fall. But there is 
evidence that a plastic surgery department 
may relieve other services to a worthwhile ex- 
tent. 

To such a service would go patients falling 
into these groups: (1) Injuries and deformities 
of the face and jaws that may alter the shape 
of the bony structure, or leave disfiguring 
scars of the soft tissue, or result in abnormal 
function and physiology. These lesions in- 
clude the work loosely called maxillofacial 
surgery. (2) Injuries and deformities of any 
part of the body that require skin grafts or 
flaps, scar adjustments or surface tissue re- 
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adjustment. (3) Serious burns which may not 
be regarded initially as requiring ultimate res- 
toration of surface, but which are apt to do so 
and which, from the start, might be benefited 
by the opinion and care of a plastic surgeon. 

Surgeons who work in an established field of 
general plastic surgery must necessarily rely 
on help from those trained in special anatomi- 
cal fields such as nose and throat, eye, genito- 
urinary, orthopedic, and neurological surgery, 
and dentistry. In other words, the individual 
patient is the real consideration and whatever 
is best for him is the goal. 

On the other hand, there are those who ad- 
vocate that plastic surgery in a certain ana- 
tomical field, such as nose and throat, eye, 
dentistry, and orthopedics, should be done by 
specialists in this field. In some instances this 
method of care has produced excellent plastic 
surgeons in limited fields, but there is a tend- 
ency for these surgeons to reach out into 
general plastic surgery, and most surgical 
groups prefer to have their associates trained 
on general plastic services. 

General plastic surgical services are com- 
parable to general surgical services in afford- 
ing groundwork training. Although often 
thought of as working in a limited field, the 
general plastic surgeon may do more different 
operations than other surgeons. It is note- 
worthy that practically all general surgeons 
are established as leaders because of work in 
some one field, such as the thorax, heart, ab- 
domen, tumor work, or clinical research. 

If progress is to be made, the plastic surgeon 
can never get away from the necessity of fol- 
lowing and utilizing the results of research in 
pathology, physiology, chemistry, genetics, 
neuropsychiatry, etc. He utilizes general basic 
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advancements in the care and protection of 
patients undergoing surgery, while he himself 
may have time for investigation only in his 
own field. However, he can still be a pioneer 
or frontiersman in ferreting out simplification 
and directness in his general problems, and in 
perfecting the technical skill that is so essen- 
tial if patients are to have the greatest benefit. 
His co-operation with other services and other 
specialties based on anatomical grounds is one 
of his best contributions. The evident fact 
“that deep healing can be no better than the 
surface healing” has led the way for very 
close working relationship of the neurosurgeon 
and orthopedic surgeon with the plastic sur- 
geon, and because of plastic methods of pre- 
paring and repairing wounds, many lives have 
been saved and much function restored, es- 
pecially in the military services. 

The military influence on plastic surgery 
has been great. Modern plastic surgery re- 
ceived its start in the last war, and what was 
learned then was transferred to civilian use. 
During the intervening twenty-five years, 
great strides were made so that the tables 
were reversed in World War II in that this 
civilian-gained knowledge could be turned 
back to the service for immediate use. 

Within the United States Army and Navy 
during the recent war were built the largest 
plastic surgery services in the history of sur- 
gery, and again young civilian surgeons gained 
knowledge in the services that can be given 
back to civilians. Before the war, however, 
the basis and possibilities of work had been 
established, and the younger surgeons could 
go ahead under the guidance of civilian sur- 
geons in the services. 

A single item of interest in the change in 
plastic surgery, from one war to another, is the 
use of free skin grafts. In a three hundred 
page report from the last war, no mention was 
made of skin grafts except as a part of one 


sentence. Neither was any mention made of. 


burns. In the recent war about one-third of 
the work in plastic surgery was with free skin 
grafts, and about one-third for patients with 
burns. As one pioneer in plastic surgery resid- 
ing in another country said, “The things that 
are routine procedures in this war would have 
been considered fantastic in the last one.” 

Much plastic surgery had been predicated 
on the repair of defects resulting from cancer, 
but the older patients with lax tissue available 
for repair do not present quite the same prob- 
lem as the eighteen to twenty-five year old 
youth who has had his face blown away in a 
second, with destruction of features that he 
has developed for many years and counted on 
to carry him through life. These young pa- 
tients deserve having the minimal of addi- 
tional scarring and having repairs that would 
give the least possible residual deformity. 
They were forthright in their sacrifices and 
were humble in their demands—a challenge 
that was the best impetus to try to approach 
giving them what they deserved, even though 
the surgeon realized his limitations in doing 
so. The annals of surgery display no greater 
courage and will to live on the part of the 
patients, or work and hope on the part of the 
surgeon, than is found in the recent war in the 
doctor-patient relationship and endeavor as 
seen in the blasted and burned and crushed 
patients and in their surgeons. 

In this field of surgery it is difficult to get 
away from the doctor-patient relationship. 
The demands of the patient through a long 
series of operations will not allow it in the first 
place, the clinical results cannot be good with- 
out it in the second place, and there is some 
intangible feeling of the surgeon for his work 
that does not allow widespread mass produc- 
tion of the important details of repair. This 
might be called individual artistry, but the re- 
sults are so far short of artistry that the sur- 
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geon does not like to be stigmatized with it, or 
thought of as being able to make things per- 
fect. He aims at function first, and with this 
goes a plan and effort to restore contour and 
smoothness to as near normal as possible. 

Mass production does have to be done 
when hospitals are flooded with battle casual- 
ties or massive civilian catastrophes, but this 
involves mainly life saving measures, such as 
early grafting of burns. No matter how great 
the number of patients a nation has to deal 
with, from the fallen soldier on the field to the 
finished product walking out of the plastic 
surgery center, there is no substitute for in- 
dividual doctor-patient relationship. This can- 
not come from central direction, but has to 
come from the surgeon and without it little 
success can be expected. 

Plastic surgery has grown up, and the field 
is enlarging. In this growth new ideas come 
from fields little known, and some worn out 
edicts have been slowly abandoned. One 
school will use only local tissue; another will 
advocate massive procedures for small defects. 
The young plastic surgeon will soon realise 
that he is only making substitutions for losses. 
He will learn early to use every bit of local 
tissue available, but he will also learn not to 
sacrifice adjacent features or function or nerve 
supply to avoid bringing in new tissue. It is 
one thing to utilize local tissue, but the final 
sine qua non of a plastic surgeon is to be able 
to add more tissue from a distant part either 
as a free graft of skin, or fascia, or cartilage, or 
bone, or as a pedicle flap. 

There is great interest among foreign sur- 
geons in methods used by American plastic 
surgeons. The knowledge and the skill and 
the methods of plastic surgeons are available 
to all who show interest and seek advice and 
instruction, so that there can be no just com- 
plaint of failure to pass on to others what has 
been found out by the experienced. 
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The place which plastic surgery holds is to 
a large part dependent on the surgeons them- 
selves, their teaching, their ability to call at- 
tention to the problems at hand, in short their 
ability to observe and record. There has 
been much overenthusiastic publicity of the 
possibilities of plastic surgery, but most of it 
arises from individuals on the fringe or not 
even up to the edge, and the whole specialty 
has suffered. The public and often other 
doctors may have erroneous impressions of the 
possibilities and limitations of plastic surgery. 
On the one hand a patient may be told that 
the impossible can be accomplished, and in no 
time at all, and thus come deep disappoint- 
ments. On the other hand, the simplest type 
of operative correction may be negated or 
omitted, and the patient may go for months 
or years without a relatively simple proce- 
dure that would clear up the whole trouble. 
An example is a patient with ulcers of both 
legs who had been incapacitated for nine 
years and during this time no one seemed to 
think of a free skin graft. In one operation 
both legs were repaired with free skin grafts 
and the patient was returned to duty. 

Plastic surgery has grown up, it needs to 
grow further; to a large extent this can only 
come from wide understanding, but the chal- 
lenge is to the individual surgeon who is called 
on to make substitution for deformed or lost 
normal physiology, and function, and ana- 
tomy. JaMEs BARRETT BROWN 


INDICATIONS FOR SURGICAL 
OPERATION AS AFFECTED 
BY CHEMOTHERAPY 


HE introduction of such chemother- 
apeutic agents as the sulfonamides, 
penicillin, and streptomycin into gen- 
eral use has led to the necessity of re-evaluat- 
ing the place of surgica] operation in the treat- 
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ment of a variety of infections. Conditions 
which formerly had come to be regarded as 
requiring surgical procedures of one sort or 
another for definitive treatment and were 
promptly referred to the surgeon now in 
many instances are treated early and late by 
the internist or general practitioner, while 
antibacterial agents are being administered. 
In many instances abscesses and other com- 
plications of infection can be avoided by the 
prompt use of such measures supplemented 
with blood transfusions, anticoagulants, and 
attention to the nutritional requirements of 
the patient. Furthermore, there is no doubt 
whatsoever that under this treatment many 
patients with grave invasive infections show 
dramatic relief of symptoms, with return of 
temperature to normal and restoration of 
appetite and sense of well-being. Two impor- 
tant and frequently ignored possibilities, how- 
ever, must be kept in mind during chemother- 
apy for an infection. In the first place the 
infecting organism or mixture of organisms 
may not respond to antibiotics and valuable 
time may be lost if the therapy is hopefully pro- 
longed; and in the second place even though 
symptomatic relief and striking general im- 
provement is obtained, nevertheless a me- 
chanical lesion may have developed for which 
the only satisfactory treatment is surgical 
operation. In the one instance undue opti- 
mism, and in the other a false sense of security, 
lead to a delay in definitive surgical operation. 

It should be remembered by internist and 
surgeon alike that it is the mechanical compli- 
cations of infection which often require surgi- 
cal operation. These may be pressure pheno- 
mena, loss of substance beyond the power of 
the organ to heal, crippling scar tissue, per- 
sisting unabsorbable infected sloughs, fixation 
of a normally mobile or contractile viscus, 
narrowing of the lumen of a hollow viscus, 
and the accumulation of exudates in body cavi- 
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ties. Though the infection may clear under. 
chemotherapy, obviously such complications 
will not, and failure to appreciate this fact is 
unquestionably a common error nowadays. 
Illustrations of these points come readily to 
mind. The symptoms of streptococcus or 
pneumococcus pneumonia with empyema may 
respond magically to penicillin therapy, yet 
partial collapse of the lung, thickening of 
pleura and crippling of respiratory mechanics 
may persist. Unless evacuation of the em- 
pyema and re-expansion of the lung, as by 
early adequate surgical drainage, is effected 
the patient is not cured even though freed of 
virulent bacteria. In necrotizing lung abscess 
treated by penicillin the sputum will often 
diminish, the fetor subside, appetite return, 
cough improve, and fever disappear. How- 
ever, if cavitation has occurred, not only is 
the patient not cured but he faces the possibil- 
ity of epithelization of the cavity, hemorrhage, 
exacerbation and spread of the infection, and 
involvement of brain or meninges. Not until 
the lung has healed is the patient well. Simi- 
larly, the introduction of streptomycin in the 
treatment of pulmonary tuberculosis has not 
obviated the need for the usual measures for 
cavity closure when cavities exist. In chronic 
osteomyelitis with sequestration, cure is not 
to be expected without removal of necrotic 
bone, though external evidences of infection 
may be controlled by chemotherapy. The 
general manifestations of renal suppuration 
may respond to chemotherapy, but the func- 
tion of the kidney may have been so badly 
impaired as to warrant nephrectomy. The 
pressure phenomena of epidural abscess of 
spinal canal or cranium may urgently demand 
surgical relief though the evidences of infec- 
tion may otherwise have disappeared under 
vigorous chemotherapy. In femoral thrombo- 
phlebitis the infection may yield to penicillin 
and sulfonamides, but the value of vein liga- 
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tion in the control of pulmonary infarction 
must still be considered. 

In that golden day when a specific chemical 
treatment for cancer is discovered and put 
into widespread clinical use, it can be pre- 
dicted that some of the same considerations 
mentioned above will enter into the responsi- 
bilities of the physician. The secondary 
mechanical effects of the growth may be dis- 
abling or even fatal after all the cancer cells 
have been destroyed. The premium this 
would place on early diagnosis and the need 
for restorative surgical procedures in the later 
cases are not hard to imagine. 

The matter can be summarized with the 
statement that chemotherapeutic agents fre- 
quently will reduce or abolish the general evi- 
dence of infection, while a local mechanical 
problem, amenable only to surgical treatment, 
persists. Failure to recognize the distinction 
between relief of symptoms and restoration of 
normal function may lead to a serious delay in 
definitive treatment. Joun D. STEWART 


THE CHALLENGE OF THE 
SURGICAL FORUM 


HE Surgical Forum has come to oc- 

cupy an important place in the an- 

nual program of the Clinical Congress 
of Surgeons. There is need among surgeons 
for a program in which emphasis is lent the 
presentation of original work. A program for- 
mulated on this pattern is informative and 
stimulating. 

Such a program representing essentially the 
fruits of the labors of the most promising 
young men in American surgical clinics and 
laboratories is destined to make its influence 
felt beyond the meeting halls of the Clinical 
Congress. Programs embodying new tech- 
niques correlating interphase specialty know]- 
edge in the process of development, including 
at the same time a perspective of new ap- 
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proaches to problems in the broad domain of 
surgery and outlining advances in related 
medical fields—such programs quicken the in- 
terest of participant and audience alike. What 
greater catalystic stimulus to productivity is 
there than an enlivened interest? If continued 
support is lent the Surgical Forum by Ameri- 
can surgical clinics, there is good reason to be- 
lieve that the Surgical Forum will constitute 
an important means of giving directional 
growth to surgery in this country. 

Surgery is making a valiant struggle to 
throw off the cloak of empiricism which has 
dominated its activity too long. And no- 
where in the world has there been such a keen 
interest in experimental research as an ap- 
proach to surgery as here. Moreover, it needs 
to be said that distinguished surgical bodies 
in this country have been slow to admit young 
men who have given ample evidence of prom- 
ise in the laboratory to active membership in 
such societies until they have demonstrated 
an equal proficiency in clinical surgery as re- 
flected in the publication of clinical papers. 
Sterility of ideas and exclusiveness of mem- 
bership in scientific societies are frequent and 
bad companions from which association medi- 
ocre programs come too frequently. 

The American College of Surgeons is prob- 
ably the largest organized group of surgeons 
in the world. It is fitting that they should 
undertake to sponsor participation in surgical 
programs of active young investigators whose 
work is frequently responsible in large meas- 
ure for the improvements we note in surgery 
from year to year. Some of those young men 
bid fair to become the surgical leaders of to- 
morrow. 

Man is gregarious. He meets with his fel- 
low man of like interests to share experiences 
and profit by the exchange. A man who feels 
himself self-sufficient and independent of his 
colleagues is denying himself the opportunity 
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for continued growth which association with 
stimulating colleagues affords. How quickly 
his work begins to reveal those telling traces of 
isolation! Attainment, however great, does 
not enable men to get on without assistance 
from helpful colleagues. Any man who has 
achieved any measure of success owes much to 
others. Many an idea is enriched by being 
communicated to another; in that other mind, 
the idea may take more definite shape than 
in the one from which it sprang initially. 
Oliver Wendell Holmes put it well: ‘That 
which was a weed in one intelligence becomes a 
flower in the other.”’ 

It is a stimulating and gratifying experience 
to come home from a meeting thrilled and ex- 
hilarated with the new thoughts and ideas ex- 
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pressed there and warmed in spirit by congen-- 
ial good fellowship. Such occasions enrich 
our lives, stirring us to strive to rise above 
mediocrity. 


“‘Where’er a noble deed is wrought, 
Where’er is spoken a noble thought, 
Our hearts in glad surprise 
To higher levels rise.’ 

It is the professed intent of the Surgical 
Forum to try to bring before its audience each 
year the best creative thought and most origi- 
nal achievement in surgery. If the American 
College of Surgeons can meet that challenge 
in the broad domain of surgery and its special- 
ties, it will contribute richly to surgery and 
bring laurels to itself. 

OWEN H. WANGENSTEEN 
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THE SURGEON’S LIBRARY 


THE BOOK SHELF 


DOCTORS IN ARMOR 


LEA A. RIELY, A.M., M.D., F.A.C.P., Oklahoma City, Oklahoma 


ISTORY is merely the summation of 
biographical characters exerting pres- 
sure on a parallelogram of forces to- 
ward certain ends. These characters 

are stark individualists whose thinking molds 
sciences, nations, religions, etc. They are men of 
force and stamina, not 
to be swayed by argu- 
ment or persuasion un- 
less convinced of the 
falseness of their prem- 
ises, and even then 
many are not converted. 
Were it not for these 
thinkers and doers, 
these knights in armor, 
conditions would be in 
a stalemate, and we 
would settle down to a 
state of laissez faire 
complacency, letting 
progress perish. 

Greek medicine was 
law and gospel during 
the Middle Ages until a 
few iconoclasts began to 
speak out against the 
then dominant and 
iron-bound ideas. Soon 
after Columbus steered 
his barks for unknown 
worlds, Martin Luther 
and John Calvin began 
to break the shackles of religious dogma, and 
Paracelsus those of Galenic doctrines. Publicly 
burning the works of Galen and Avicenna in a 
bonfire and lecturing in German out of his own 
experience, Paracelsus issued his polemics, both 
oral and written, against the then existing beliefs. 
For this he was driven from one town to another 
by professional enemies. 


Emeritus Professor of Clinical Medicine, University School of 
Medicine. 





Philippus Aureolus Paracelsus 
1493-1541 
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“During the Renaissance, first place belongs to 
this abused and abusive personage. Paracelsus 
refused to recognize the cleft between medicine 
and surgery. He was erratic and unbalanced, and 
often lost in incomprehensible mysticism, but he 
nevertheless enunciated principles in most vehe- 
ment vernacular, which 
furnished impetus to all 
rebellious spirits of the 
time, and have since 
been incorporated into 
modern surgery. He ex- 
claimed: ‘If God will 
not help me, so help me 
the Devil.’ Even his re- 
ligion was nonconform- 
ist. “He who depends 
on the Pope rests on the 
sands. He who depends 
on Zwingli depends on 
hollow ground. He who 
depends on Luther de- 
pends on a reed. They 
all deem each above the 
other, and denounce 
one another as anti- 
christs, heathens and 
heretics, and are but 
four pairs of breeches 
from one cloth.’” 

Paracelsus died a 
natural death at forty- 
nine years of age in 1541 
at Salzburg, not murdered by assassins instigated 
by those against whom he directed his trenchant 
diatribes. Modern research has proved ground- 
less the current rumors of a tragic exit. Thus 
ended the life of one of those warring knights who 
at all times and in all countries rise above the 
common order of mentality. Never a one will com- 
promise truth for political or social expediency. 

The eighteenth century furnished two gentle 
knights, Auenbrugger and Laénnec, prophets not 
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Benjamin Rush 
1745-1813 


without honor save in their own countries. Not 
until their books were published abroad and then 
distributed at home, did the embitterment against 
them soften down. Auenbrugger’s Neue Erfindung 
mittels des Anschlagens an den Brustkorb, als eines 
Zeichens, verborgene Brustkrankheiten zu entdecken 
remained practically unnoticed until Corvisart 
took it up in 1808, one year before its author’s 
death. Laénnec’s “‘cylinder of paper’”’ has become 
the foundation of our knowledge of diseases of the 
chest, and his book, Traité de l’auscultation mé- 
diate, unlike Auenbrugger’s, was translated at 
once into many languages. 

A noble knight of the nineteenth century was 
the great Lister, whose lance was his advocacy of 
the antiseptic principle in the practice of surgery. 
His Glasgow, Edinburgh and London migrations 
were due, in part, to harsh treatment by his con- 
freres in these respective cities, but never was he 
deterred from his firm conviction of the efficiency 
of antiseptics. Had he not had a backbone of steel, 
our conception of antisepsis would have lain dor- 
mant for years. 

The War of the Revolution was responsible for 
bringing to the fore three doctors who donned 
their armor in the cause of medicine in America. 
The Medical Department of the University of 
Pennsylvania was founded by two stalwarts in 


medicine, John Morgan and William Shippen, . 


both educated at Edinburgh and both imbued 
with the ambition to teach medicine. Dr. Morgan 
became professor of the theory and practice of 
medicine, and Dr. Shippen held the chair of anat- 
omy and surgery. It was Morgan who published 
the first appeal for good medical education in 
America. Both men became Surgeon Generals of 
the United States, both were accused of malfea- 
sance, both were deposed, and both later secured 
acquittal. The charges against them were brought 
by disgruntled subalterns, who, blazing with 
revolutionary ideas of equality, could brook no 
precedence in office. Both retired to private prac- 
tice and to teaching. 

A third American knight of medicine was Ben- 
jamin Rush, younger than Morgan and Shippen, 
but conceded the final authority of all things 
medical in Philadelphia. Rush, too, was a pro- 
fessor in the University of Pennsylvania, and was 
also physician to the Pennsylvania Hospital, chief 
founder of the Philadelphia Dispensary, and treas- 
urer of the United States Mint. His highly original 
mind made him the foremost American clinician 
of his time. Called the American Sydenham and 
the Hippocrates of Pennsylvania, he won fame as 
a fighter in the Philadelphia epidemic of yellow 
fever in-1793. He was one of the signers of the 
Declaration of Independence, and was once sur- 
geon general for the Middle Department under 
Shippen. Deserting Washington at Valley Forge, 
he joined the infamous “Conway Cabal” against 
Washington’s Fabian policy, but at long last he 
deeply regretted his withdrawal as being illy 
conceived and rash. 

When yellow fever was endemic in Philadel- 
phia in the seventeen-nineties, the man in charge 
of the pest house was a Celt from North Carolina 
by the name of Charles Caldwell. A graduate of 
the University of Pennsylvania, he had had Rush 
as a preceptor. Caldwell wore his armor continu- 
ously and left an autobiography full of venom and 
rancor. Persona non grata to Rush, he was forced 
to emigrate, plodding across mountains and 
through woods to Lexington, Kentucky, then the 
Athens of the region west of the Alleghenies. 
There, amid the great oaks of the forest, he hoped 
to start a university, the equal, if not the supe- 
rior, to that of Pennsylvania. Dr. Robert Peter 
says that he never heard even in Europe such lec- 
tures as filled the halls of this backwoods univer- 
sity. But Caldwell did not find the waters smooth 
and glassy, and arguments concerning the cause 
of death were sometimes more easily settled by 
duels than by postmortems. The two most prom- 
inent faculty members of the infant Transylva- 
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nia University were Daniel Drake and the first 
ovariotomist, Ephraim McDowell. Transylva- 
nia’s diminishing standard and ultimate downfall 
were due to warring religious sects which altern- 
ately held and lost control. But it is due to 
Caldwell’s erudition and choice picking of incu- 
nabula from the book stalls of Paris after the 
Napoleonic wars that gave to Transylvania one 
of the finest libraries in the country. 

Caldwell’s conception of Drake was that of “a 
gentleman highly distinguished for his powers of 
mind and useful attainments, and unfortunately 
not less so for his propensity to strategy and in- 
trigue which marred his usefulness and darkened 
his fame.” First after Hippocrates and Sydenham 
to do much for medical geography, Daniel Drake 
stands in a unique position in relation to the to- 
pography of disease. Of log-cabin, immigrant 
stock, Drake received the first medical diploma 
issued west of the Alleghanies, a diploma hand- 
written by that pioneer of vaccination in the 
West, William Goforth. He took his academic 
degree from Pennsylvania in 1815, then became 
one of Osler’s “peripatetic physicians ... ever 
at war with man.” He moved no less than seven 
times during his combative life as a teacher, and 
was the founder of the Medical College of Ohio 
and of the Medical Department of Cincinnati 
College. 

Drake also founded the most important medi- 
cal periodical of the West at that time, the West- 
tern Journal of the Medical and Physical Sciences. 
This periodical, which died of circulation troubles 
in 1838, contains Drake’s famed essays on Medi- 
cal Education. The height of Drake’s literary at- 
tainments, however, is his book on the Diseases 
of the Interior Valley of North America, which 
might be called the victory of his “Thirty Years’ 
War.” In his quest for firsthand knowledge, this 
tall, thin, hardy man would turn up at a trapper’s 
fire and gossip about the local medical situation, 
or would surprise the country doctors by “pump- 
ing” them on the climatological influence on the 
prevailing illnesses. All in all, Daniel Drake was 
Western America’s most famous knight errant. 

One of the men against whom Drake aimed a 
celebrated invective was Transylvania’s lame 
duck professor, Constantine Samuel Rafinesque. 
Rafinesque might be likened to the ‘White 
Knight” in Alice, always wandering from the 
orthodox way of medical men and always falling 
on and off the horse of quackery. This odd knight 
in armor was a doctor only by courtesy, and after 
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Daniel Drake 
1785-1852 


one year at Transylvania, went to Cincinnati, and 
joined one Thompson and one Swain in the meth- 
ods of herbalists. Rafinesque demurely admit- 
ted sixteen different attainments in which he 
particularly excelled. 

These are but a handful of the doctors in armor 
who have wended their way through the Medical 
Kingdom. Full of chivalry for the ill and op- 
pressed, they have fought famous battles against 
disease and ignorance, have thrust many a stout 
lance at the enemy in the Tournament of Death, 
keeping ever in their hearts the Quest of Healing. 
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REVIEWS OF 


REAT strides have been made in the manage- 

ment of the cancer problem in the past decade 

or two. The reason is obvious. Cancer is a 

disease that destroys approximately 185,000 indi- 

viduals annually in the United States and on that 

basis it is fair to assume that another 500,000 are 
afflicted by it. 

For many years a fatalistic attitude regarding 
cancer was almost universal both among the lay 
population and the medical profession. Due to this 
unfortunate attitude patients with cancer usually 
were seen and the condition recognized late; as a re- 
sult treatment was futile. However, careful and 
persistent study of the nature of the disease, its 
various types, and the process of its growth and dis- 
semination, brought forth evidence to form a prem- 
ise which has been substantiated. The funda- 
mental basis of this premise was that cancer is a 
local process in its beginning and may remain so for 
a short time. If it could be excised locally or de- 
stroyed by irradiation in this stage cure would result. 
The task then was early recognition. This required 
the co-operation of the lay population and adequate 
training of the medical profession. 

The American Cancer Society has done much in 
lay education during the past few years. In fact it 
seems that the lay population is becoming more 
cancer conscious than many of the medical profes- 
sion. The busy physician has not time for and often 
no patience with the apparently well individual who 
fears cancer, and yet the time the disease should be 
recognized is when symptoms are absent or very in- 
significant. Since the layman has been instructed 
regarding his needs the onus falls upon the medical 
profession to provide the service. It is recognized 
that certain internal cancers are difficult or impos- 
sible to detect in the early stages. Also it has been 
proved that in most instances elaborate and costly 
diagnostic procedures are not justified in the symp- 
tomless patient. However, those anatomic areas of 
the body which can be examined readily without 
complicated procedures or special equipment are the 
site of about 60 per cent of all cancers. The justi- 
fiable conclusion is that physicians must be made 
cancer conscious, develop skill in its early detection, 
and make provision for adequate and proved thera- 
peutic measures. 

In recent years a number of excellent books on 
cancer and allied diseases have appeared. To this 
group can be added the recent work of Ackerman 
and Regato.! In surveying this book it is interesting 
to note that the authors assume a bold but absolute- 
ly just attitude on the cancer problem in its entirety, 

1CANCER; DIAGNOSIS, TREATMENT AND ProGNosis. By Lauren 
V. Ackerman, M.D., and Juan A. del Regato, M.D. St. Louis: 
The C. V. Mosby Co., 1947. 


NEW BOOKS 


including the teaching of cancer to medical students, 
its early recognition, and the therapeutic manage- 
ment. 

The material is divided into two parts. The first 
part is devoted to phases of general interest. Chapter 
1 includes an introduction to the subject and elab- 
orates upon some of the issues mentioned previous- 
ly. The incidence of cancer is discussed and early 
diagnosis stressed. A chapter is devoted to pertinent 
research work that has been done. This includes 
such topics as spontaneous tumors in animals, the 
role of heredity, carcinogenic agents, estrogens, and 
other hormones, the azo dyes, roentgen ray and 
ultra violet radiation, parasites, viruses, precan- 
cerous changes, carcinogenesis in vitro, chemical 
characteristics of neoplasms, transplantation of 
tumors, cancer theories and conclusions. A chapter 
is given over to pathology. This incorporates the 
biopsy, fixation and staining methods, specialized 
procedures such as the aspiration biopsy, cell studies, 
frozen section work, differentiation between benign 
and malignant tumors, the spread of tumors and the 
like. A chapter is devoted each to surgery and ra- 
diation therapy of cancer. These five chapters are 
intensely interesting and contain a tremendous 
amount of pertinent information, 

The second part is divided according to systems 
or organs. A chapter is assigned to each of the fol- 
lowing: Cancer of the skin, cancer of the respiratory 
system and the upper digestive tract, tumors of the 
thyroid gland, tumors of the mediastinum, cancer of 
the digestive tract, cancer of the genitourinary 
tract, cancer of the male genital organs, tumors of 
the suprarenal gland, cancer of the female genital 
tract, cancer of the mammary gland, malignant 
tumors of bone, sarcomas of the soft tissues, cancer 
of the eye, Hodgkin’s disease and the leucemias. The 
material in each chapter or subdivision is divided 
into anatomy, incidence, etiology, pathology, clin- 
ical evolution, diagnosis, treatment and prognosis. 
Under the heading of anatomy special attention is 
given to the lymph drainage. This is illustrated by 
excellent drawings and is a definite aid to the cancer 
diagnostician and therapist. Under treatment no 
great amount of detail of therapeutic technique is 
given. Those procedures, whether surgical or radio- 
logic that have been found to be most successful 
either by the authors or others qualified are present- 
ed. Well controlled statistics are included. At the 
end of each chapter or subdivision is appended a 
bibliography. 

The entire subject of cancer, exclusive of the 
nervous system, is extremely well presented, but 
some portions seem worthy of special attention. The 
chapter on cancer of the respiratory system and 
upper digestive tract merits praise. Tumors of the 
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nasal fossae, the maxillary sinus, the floor of the 
mouth, the gingivae, palate, nasopharynx, tonsil, 
periepiglottic area, laryngopharynx and endolarynx 
are discussed in much detail. Tumors of these sites 
so often overlooked or neglected are deserving of 
special attention. This chapter of 281 pages is illu- 
minated by 230 illustrations and three colored 
plates. 

The chapter on the mammary gland does not seem 
quite to meet the standards set in the remaining 
portion of the book. Many of the illustrations depict 
far advanced stages of the disease. It might be wiser 
to focus the attention of the reader more upon the 
very early clinical signs of the disease. Dimpling of 
the skin or dimpling that can be elicited by special 
maneuvers is not mentioned. 

This work of approximately 1100 pages with 745 
illustrations and 42 colored plates is a welcome addi- 
tion to the working library of every physician but 
should be of special interest to those interested 
specifically in cancer. The presentation is excellent, 
the text is easy to read and the illustrations are illu- 
minating. 

The conclusions are sane, not only from the 
standpoint of cancer in general as a highly de- 
structive disease but in the admonition to the 
medical profession to prepare itself to meet the 
challenge confronting it. Joun A. WOLFER. 
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HE Handbook on Fractures by Duncan Eve! is 

well illustrated and contains valuable informa- 
tion recorded by the author from his experience of 
more than 40 years of trial and error in the field of 
fracture work. 

All of the common fractures are well discussed and 
illustrated, and a good number of complicated frac- 
tures are also included. This handbook will provide 
a ready reference in the treatment of most fractures. 
In a limited number of pages, a complete discus- 
sion of all fractures cannot be made, but the most 
important everyday fractures are included and 
discussed. 

This volume deals entirely with the treatment of 
fractures. No attempt has been made to elaborate 
on the type of injury or signs and symptoms of frac- 
tures, but the entire emphasis is placed on the details 
of treatment. 

In the preface the author includes one sentence 
that is intriguing, ‘“There is no wrong way of treating 
fractures as long as success is achieved.”’ While one 
does not entirely agree with all of the forms of treat- 
ment advocated by the author, the above quotation 
justifies his method of treatment. 

James J. CALLAHAN. 

1HAND Book ON Fractures, By Duncan Eve, Jr., M.D., 


F.A.C.S. In collaboration with Trimble Sharber, A.B., M.D. 
St. Louis: The C. V. Mosby Co., 1947. 
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1948 CLINICAL CONGRESS 


THE BILTMORE HOTEL, LOS ANGELES, 
OCTOBER 18 TO 22, 1948 


HE thirty-fourth Clinical Congress of 

the American College of Surgeons will 

be held in Los Angeles at the Biltmore 

Hotel from October 18 to 22, 1948. 
Under the leadership of a strong and enthusiastic 
Committee on Arrangements, plans are under 
way for a complete and varied program for the 
5-day meeting. The hospitals and medical schools 
will cooperate in scheduling operative clinics and 
demonstrations. Visiting surgeons will have ample 
opportunity to attend well arranged programs of 
many different kinds in the hospitals. A commit- 
tee is looking into the possibility of telecasting 
operations to the Hotel Biltmore. After the ex- 
ceedingly successful demonstration of the teach- 
ing value of television at the Clinical Congress in 
New York last year, it is hoped that this medium 
can again be used. 

In addition to meeting rooms in the Biltmore 
Hotel, the Biltmore Theater and the spacious 
Philharmonic Auditorium across the street from 
the hotel will be used for the larger audiences. 
The capacity of the Philharmonic Auditorium is 
2,700 and that of the Biltmore Theater about 
1,700. 


PRESIDENTIAL MEETING AND CONVOCATION 


The opening evening session of the Clinical 
Congress will be devoted to the Presidential Meet- 
ing, at which the officers-elect, consisting of Dr. 
Dallas B. Phemister of Chicago as president, Dr. 


Howard A. Patterson of jNew York as first vice 
president, and Dr. Carl H. McCaskey of Indiana- 
polis as second vice president will be installed. 
Dr. Arthur W. Allen of Boston, president and 
vice-chairman of the Board of Regents, will pre- 
side and will deliver the Presidential Address. 
The third Martin Memorial Lecture will be de- 
livered by Dr. Clarence Crafoord, Professor of 
Surgery, University of Stockholm. 

The annual Convocation will be held on the 
final evening, Friday. The formal initiation cere- 
monies and the presentation of the Fellowship 
Address by Dr. L. A. Durbridge, President, Cali- 
fornia Institute of Technology, Pasadena, will 
constitute the program. Dr. Durbridge’s subject 
will be “The Physicist Meets the Doctor.” 


SCIENTIFIC SESSIONS 


The scientific sessions, to be held on Tuesday, 
Wednesday, and Thursday evenings, will be de- 
voted to subjects in general surgery carefully 
selected for their current interest, presented by 
authoritative speakers in their fields. On the 
same evenings separate scientific sessions will be 
arranged for specialists in ophthalmology and 
otorhinolaryngology. Every afternoon, from 
Monday through Thursday, panel discussions will 
be held. These will be led by outstanding surgeons 
in each particular field. A symposium on fractures 
and other traumas and a symposium on cancer 
are planned for two afternoons. 
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OPHTHALMOLOGY AND OTORHINOLARYNGOLOGY 


In addition to the evening sessions on ophthal- 
mology and otorhinolaryngology, which are 
scheduled for Tuesday, Wednesday, and Thurs- 
day evenings, there will be meetings for specialists 
in these fields on the same mornings. The sessions 
in otorhinolaryngology will follow those in oph- 
thalmology so that surgeons who combine these 
specialties in their practice can attend both meet- 
ings. In planning all of the meetings in these 
fields, the suggestions of the members of the 
Advisory Council on Ophthalmology and of the 
Advisory Council on Otorhinolaryngology are 
followed, in an effort to have the programs meet 
the ideas of the surgeons who practice these spe- 
cialties. 


FORUM ON FUNDAMENTAL SURGICAL PROBLEMS 


The Forum on Fundamental Surgical Problems, 
one of the most popular features of Clinical Con- 
gresses during the past few years, will be held on 
Tuesday, Wednesday, Thursday, and Friday 
mornings, in two or three sections meeting con- 
currently. Brief reports of original clinical and 
experimental observations relating to the broad 
aspects of surgery and the surgical specialties will 
be presented, under the general direction of Dr. 
Owen H. Wangensteen, chairman of the commit- 
tee, Forum on Fundamental Surgical Problems. 


HOSPITAL CONFERENCES 


The opening meeting of the twenty-seventh 
Hospital Standardization Conference will consti- 
tute the first formal session of the Clinical Con- 
gress, and will be a General Assembly for both 
surgeons and hospital representatives. Dr. Arthur 
W. Allen of Boston, president of the College, will 
preside. 

The hospital conferences will continue on Mon- 
day afternoon, with sessions following on Tues- 
day, Wednesday, and Thursday mornings, after- 
noons, and evenings. 

Hospital trustees, administrators, heads of the 
various hospital departments and their personnel, 
nursing groups, and many other persons directly 
or indirectly concerned about hospital progress, 
are invited to participate in the discussions at the 
hospital conferences, at which leaders in the hos- 
pital field are the speakers and the moderators. 
The meetings will include formal sessions, panel 
discussions, round table conferences, symposia, 
and forums. 

A meeting which is always of great interest to 
hospital administrators and members of medical 
staffs in hospitals, as well as to surgeons, is the 
Symposium on Graduate Training in Surgery 
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which is scheduled for Thursday afternoon after 
the annual meeting of Fellows. 


MEDICAL MOTION PICTURES 


An appreciated feature of the Clinical Congress 
will again be the showing of medical motion pic- 
tures each day. The latest available pictures on 
surgery and related subjects will be presented. 
Special showings will be arranged of medical 
motion pictures in the fields of ophthalmology 
and otorhinolaryngology. Both sound and silent 
films will be shown, all of which will have been 
approved by the Committee on Motion Pictures. 
Some of the newer medical motion pictures now 
under production will be shown. 


TECHNICAL AND SCIENTIFIC EXHIBITION 


The Technical and Scientific Exhibits will oc- 
cupy the Ballroom foyer, the Renaissance Room, 
and the Galleria of the Biltmore Hotel, according 
to present plans. Leading manufacturers of surgi- 
cal instruments, x-ray apparatus, sterilizers, op- 
erating room lights, ligatures, dressings, hospital 
apparatus and supplies of all kinds, and pharma- 
ceuticals, and publishers of medical books will be 
represented. 


ADVANCE REGISTRATION 


Surgeons who wish to attend the Congress 
should register in advance. No registration fee 
will be charged Fellows whose dues are paid to 
December 31, 1947. For endorsed Junior and 
Senior Candidates, the fee will be $5.00. Non- 
Fellows attending as invited guests of the College 
will pay a fee of $10.00. No fee will be required 
of initiates of the class of 1948. 


HOTEL RESERVATIONS 


It is desirable to make hotel reservations as 
early as possible because of the shortage of hotel 
rooms that prevails in Los Angeles as well as in 
other cities. In making these, communications 
should be addressed to the Los Angeles Conven- 
tion and Visitors’ Bureau, care of the Los Angeles 
Chamber of Commerce, stating that you will be 
attending the Clinical Congress of the American 
College of Surgeons. All hotel reservations for 
the Clinical Congress are to clear through this 
Bureau. No correspondence should be sent direct- 
ly to the hotels. A form for reservations was en- 
closed in the letter recently sent to Fellows. 
Choice of hotels may be designated. The hotels 
in Los Angeles require a deposit in advance. 

There follows the list of member hotels, Con- 
vention and Visitors’ Bureau, Los Angeles Cham- 
ber of Commerce: 
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LOS ANGELES HOTELS 


Rates (as of May 15, 1947) 
Subject to Change 


Double Twin 
Alexandria, 210 West sth St. $ 6.00 up $ 7.00 up 
Ambassador, 
3400 Wilshire Blvd....... $10.00-17.00 $10.00-17.00 
Biltmore, 515 South Olive St. $ 7.50-12.00 $ 7.50-12.00 
Chancellor, 3191 West 7th St. $ 4.50- 6.00 $ 4.50- 6.00 


Chapman Park, 


3401 Wilshire Blvd...... $ 6.00- 7.00 $ 7.00- 8.00 
Clark, 426 South Hill St.... $ 4.50- 5.00 $ 5.50- 6.00 
Commodore, 

1203 West 7th St......... $ 3.00- 3.50 $ 4.00 
Elmar, 235 South Hope St.. $ 3.00 $ 3.00 
Figueroa, 

939 South Figueroa St.... $ 3.00- 4.00 $ 5.00 
Gates, 6th and Figueroa Sts. $ 3.50- 6.00 $ 3.50-— 6.00 
Gaylord, 3355 Wilshire Blvd. $ 7.50 up $ 7.50 up 
Hayward, 6th and Spring Sts. $ 5.00 $ 5.50 
Hollywood Drake, 

6724 Hollywood Blvd.... $ 3.50 up $ 4.50 up 


Hollywood Hotel, 
Hollywood at Highland. . 
Hollywood Knickerbocker, 
WE BN Os as coos ae 
Hollywood Plaza, 
1637 No. Vine St........ 
Hollywood Roosevelt, 
7000 Hollywood Blvd... . 
Kipling, 4077 West Third St. 


Lankershim, 230 West 7th St. 


Mayan, 3049 West 8th St.... 
Mayfair, 1256 West 7th St... 
Natick, 108 West 1st St.... 
Rosslyn, 111 West sth St... 
San Carlos, 

507 West sth Street... .. 
Savoy, 

6th St. and Grand Ave... 
Town House, 

639 Commonwealth Ave. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Double 
$ 5.00- 6.00 
$ 6.00 up 
$ 4.00 up 
$ 7.00 up 
$ 3.00 
$ 3.00- 4.50 
$ 4.00- 5.50 
$ 5.coup 
$ 4.00- 8.00 
$ 4.50 
$ 3.50- 5.50 


$14.00 





Twin 
$ 5.00- 6.00 
$ 6.00 
$ 4.50 up 
$ 8.00 up 
$ 3.50- 4.00 
$ 4.50- 7.00 
$ 5.00- 5.50 
$ 6.00- 7.00 
$ 4.50- 9.00 
$ 6.00 
$ 4.50- 5.00 


$14.00 


PARTICIPATION IN THE FORUM ON FUNDAMENTAL 
SURGICAL PROBLEMS 


OWEN H. WANGENSTEEN, M.D., F.A.C.S., Minneapolis, Minnesota 


HE Board of Regents of the American 

College of Surgeons has again appointed 

a committee to invite and pass on the 

merits of the abstracts submitted and to 
select the papers for presentation in the Forum on 
Fundamental Surgical Problems at the next ses- 
sion of the Clinical Congress. In selecting papers 
for the Surgical Forum, the committee is guided 
by originality of thought and interest suggested 
in the abstract submitted by the author. The 
Surgical Forum is concerned more with new work 
than with the dissemination of old information. 
Each speaker will be allowed 10 minutes for his 
presentation. 

The final selection of papers for the Los Angeles 
meeting (October 18 to 22, 1948) will be made by 
the committee in the near future. Anyone in- 

Chairman of Program Committee on Surgical Forum. 


terested in participating in the program is invited 
to send before May 15, 1948, the title of his pres- 
entation, accompanied by an abstract of not more 
than 200 words, to 


Forum on Fundamental Surgical Problems 
American College of Surgeons 

40 East Erie Street 

Chicago 11, Illinois 


The author may submit his paper for publica- 
tion wherever he wishes. 


Committee, Forum on Fundamental Surgical Problems 


Owen H. Wangensteen, Minneapolis, Chairman 
Warren H. Cole, Chicago 

Frederick A. Coller, Ann Arbor 

Robert A. Gross, Boston 

Michael L. Mason, Chicago 

I. S. Ravdin, Philadelphia 
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To the medical profession, the 
name “Ohio” on a cylinder of 
cyclopropane is doubly significant. 
“Ohio” not only represents highest 
purity, quality, and uniformity, but 
is also a reminder that cyclopro- 
pane has gained favorable recog- 
nition as a dependable anesthetic 
through fhe pioneering and assist- 
ance supplied by “Ohio” labora- 
tories and “Ohio” technicians in 
the development of cyclopropane 
for anesthesia. 





One of the world’s leading manu- 
facturers of medical gases and 
administering equipment, “Ohio 
Chemical” is constantly on the alert 
... always ready to pioneer and 
to assist in new developments 
which will provide the medical pro- 
i fession with safe, dependable an- 
esthetics. 

The Ohio Chemical & Mfg. Co, 1400 
East Washington Ave., Madison 3, Wis- 
consin, Represented in Canada by Oxy- 


gen Company of Canada Limited, and 
internationally by Airco Export Corpo- 


Ohio Medical Gasesinclude Nitrous Oxid—Ethylene—Cyclopropane—Oxygen—Car- ration, New York. 
bon Dioxid—Oxygen-Carbon Dioxid Mixtures —Helium— Helium-Oxygen Mixtures, 


Otio Chemical === 
for the Profession, Wespitals and Research Laboratories 
BRANCH OFFICES IN PRINCIPAL CITIES <Gl> 
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A REPRINT... 


By popular request we are reprinting a Simplified List of B-D 
Hypodermic Needles, in accordance with Recommendations by the 
Committee on Purchasing, Simplification and Standardization of 
the AMERICAN HOSPITAL ASSOCIATION. 

This list was first printed and made available to hospital per- 
sonnel by B-D shortly after its acceptance by the American Hos- 
pital Association in December, 1944. 








ITEM GAUGE AND LENGTH TYPE SOME USES 

1 LNR 26Gx 2” R.B. Regular Luer Intradermal hypodermic 

2 LNR 25Gx%”" R.B. Regular Luer Hypodermic and local anesthesia 
(raising wheal) 

3 LNR 24Gx%” R.B. Regular Luer Intravenous (syringe) and varicose 
veins 

4 LNR 22Gx1%" S.B. Regular Luer Intravenous (syringe) and fontanel 

S$ 45LNR 22Gx2” Regular Luer Anesthesia 

6 45LNR 22Gx 3” Regula: Luer Anesthesia 

7 LNR 20Gx1%”" S.B. Regular Luer Intravenous (gravity). intravenous 
anesthesia, intraperitoneal (saline, 
Neosalvarsan), Wassermann 

(7a) * 

8 LNR 20Gx2” Regular Luer Intramuscular 

9 LNR 18Gx2” S.B. Regular Luer Hydrocele and phleboclysis aspirating 


and pneumothorax blood transfu- 
sion; intraperitoneal, intramuscu- 
lar and jugular 


10 LNR 19Gx3” Regular Luer Hemorrhoidal and hypodermoclysis 

11 LNR 15G x 3%" Regular Luer Aspirating 

12 4SLNR 20G x4” Regular Luer Local anesthesia, hemorrhoidal and 
intracardiac 

13. 45LNR 20G x 6” Regular Luer Local anesthesia 

14 462LNR 20G x 32” Quincke Spinal with stylette Sacral and spinal anesthesia 

15 462LNR 22G x2” Quincke Spinal with stylette Children’s spinal 

16 P462LNR 22G x 3” tPitkin Spinal with stylette Spinal anesthesia 

17 461LNR 19Gx 3/2” Spinal with stylette Spinal diagnostic 

18 465LNRC Regular Curved Tonsil Tonsil 

19 465LNRS Regular Straight Tonsil Tonsil 

20 480LNR 15Gx 2” S.B. Hose hub needle Phlebotomy and blood transfusion 
blood bank donor 

21 480LNR 17Gx2” S.B. Hose hub needle Blood bank—recipient 

22 480LNR 18Gx 2” S.B. Hose hub needle Blood bank—children 


*LNR 20€ x 1%” Regular Bevel added to list by Becton, Dickinson & Co., as a recommendation 
for i L d mini. ion of penicillin in oil and beeswax. . 





+Pitkin” is a registered tratle-mark of Becton, Dickinson & Co. 








Consult your supplier for a complete list of needles available 
from which the above have been selected. 


For maximum performance, we suggest the use of Yale B-D 
Lok-Needles with Yale B-D Lok-Syringes. 


Becton, DicKINSON & Co,, RUTHERFORD, N. J. 
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